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ON  THE  HEAT  OF  SOLUTION  OF  MAGNESIUM  PERCHLORATE 
HEXAHYDRATE 


S.  A.  Shchukarev,  Z.  U.  Borisova,  and  L.  A.  Baidakov 
Leningrad  State  University 

Translated  from  Zhurnal  Ohshchel  Khlmll,  Vol.  30,  No.  2,  pp.  353*355, 

February,  1960  ♦ 

Original  article  submitted  February  10,  1959 


We  found  only  two  values  In  the  literature  for  the  heat  of  solution  of  magnesium  perchlorate  hexahydrate 
In  water;  1)  for  a  dilution  of  1  ;  496  (1  mole  of  the  salt  and  496  moles  of  water)  AH  =  1.46  kcal/mole  [1]; 

2)  for  a  dilution  of  1  :  2000  AH  =  0.809  kcal/  mole  [2]. 

We  determined  heats  of  solution  of  magnesium  perchlorate  hexahydrate  In  a  microcalorimeter  working  on 
tlie  dllatometrlc  principle  [3].  The  temperature  of  the  experiments  was  25*. 

Magnesium  perchlorate,  prepared  by  dissolving  magnesium  oxide  in  perchloric  acid,  was  recrystallized 
three  to  five  times.  The  hexahydrate  obtained  was  analyzed  for  its  magnesium  content  by  titration  with  Trilon 
B  In  ammoniacal  solution  in  the  presence  of  acid  chrome  dark-blue  as  indicated.  The  precision  of  the  analysis 
was  i  0.02f7o, 

Determination  of  the  heats  of  solution  of  magnesium  perchlorate  hexahydrate  samples,  dried  to  different 
degrees,  and  simultaneous  analysis  of  the  resulting  salt  showed  that,  as  in  the  case  where  zinc  perchlorate  hexa¬ 
hydrate  is  dissolved  [4],  the  maximum  endothermal  effect  of  solution  in  water  is  obtained  with  a  hexahydrate  dried 
for  a  day  over  concentrated  sulfuric  acid.  According  to  analysis  tills  product  contains  6.00  moles  of  water  per 
mole  of  salt. 

The  heats  of  solution  obtained  by  us  for  magnesium  perchlorate  hexahydrate  samples  dried  to  different 
degrees  arc  given  for  a  dilution  of  1  ;  200  in  Fig.  1.  For  comparison  the  heats  of  solution  of  zinc  perchlorate 
hexahydrate  in  water  also  are  given  in  Fig.  1  (the  number  of  moles  of  water  per  mole  of  the  anhydrous  salt  is  • 
indicated  over  the  points).  As  is  evident  from  Fig.  1,  an  excess  of  mother  liquor,  as  well  as  partial  dehydration 
of  the  hexahydrate,  decreases  the  endothermal  effect  of  solution  of  magnesium  perchlorate  hexahydrate  In  water. 
We  conducted  all  the  rest  of  the  investigation  In  a  wide  range  of  concentrations  with  a  product  containing  6.00 
moles  of  water  per  mole  of  salt. 


TABLE  1 

Dilution 

AHav 

(kcal/  mole) 

1 :  inoo 

1.00  ±  0.03 

1  :  700 

1.00  ±  0.03 

1  :  500 

1.00  ±  0.03 

1  :  300 

1.17  ±  0.03 

1  :  200 

1.73  ±  0.03 

1  :  100 

1.75  ±  0.03 

1  :  5t) 

1.86  ±  0.03 

1  :  30 

1.94  ±  0.03 

TABLE  2 


Dilution 

AHav 

(kcal/  mole) 

1  :25 

2.05  ±  0.02 

1  :  15 

2.47  ±  0.02 

1:11 

2.91  ±  0.02 

1  :  9 

3.24  ±  0.02 

l  :  8 

3.42  ±  0.02 

1  :  7 

3.56  ±  0.02 

1  : 6.5 

3.71  ±  0.02 
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First  wc  determined  the  Integral  heats  of  solution  of  magnesium  perchlorate  hexahydratc  for  different  dilu¬ 
tions.  Values,  each  the  average  of  eight  or  nine  experiments,  are  given  in  Table  1, 

As  Is  evident  from  tJte  data  of  Table  1,  1 :  500  is  the  limiting  dilution.  Thus,  the  first  integral  heat  of  so¬ 
lution  of  magnesium  perchlorate  hexahydrate  may  be  taken  to  be  1.00  kcal/mole. 

For  dilutions  less  than  1 :  30  we  determined  the  integral  heats  of  solution  by  dissolving  tire  magnesium  per- 
clilorate  not  in  pure  water,  but  in  magnesium  perchlorate  solutions  of  definite  concentrations,  whose  lieats  of  for¬ 
mation  were  known  to  us.  The  corresponding  calculation  was  then  made.  The  most  concentrated  of  the  solutions 
studied  by  us  differed  from  a  saturated  one  by  only  0.1  mole  of  water.  We  took  the  concentration  of  a  saturated 
magnesium  perchlorate  solution  at  25*  from  work  [5].  3  he  integral  heats  of  solution  obtained  arc  given  in  Table  2, 


Fig.  1.  Heats  of  solution  of  magnesium 
and  zinc  perchlorate  hexahydrates  with 
respect  to  drying  time. 


_i_i - 1 _ . _ I _ I 

SO  100  zoo  300  500  700 

Dilution 
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Fig.  2.  Heats  of  solution  of  magnesium  and  zinc 
perchlorate  hexahydrates  at  various  dilutions. 


All  values  obtained  are  shown  in  Fig.  2,  where  heats  of  solution  of  zinc  perchlorate  hexahydrate  [4]  are  given 
for  comparison.  As  is  evident  from  Fig.  2,  the  heats  of  solution  of  zinc  and  magnesium  pcrclilorate  hexahydrates 
arc  nearly  the  same.  The  maximum  difference  between  the  lieats  of  solution  of  magnesium  and  zinc  perchlorate 
hexahydrates  (0.4  kcal/ mole)  is  observed  in  dilute  solutions.  As  the  concentration  increases,  tlic  heats  of  solution 
of  zinc  and  magnesium  perchlorate  liexahydrates  approach  each  otlicr  and,  as  is  especially  interesting,  become 
practically  identical,  beginning  with  a  dilution  of  1:  200.  Also,  a  pronounced  change  in  the  slope  of  the  curves 
Is  observed  at  a  dilution  of  about  1 :  30.  Moreover,  when  magnesium  percliloratc  hexahydrate  dissolves,  a  pro¬ 
nounced  bend  in  tlie  curve  occurs  at  a  dilution  of  1 :200.  A  bend  of  tlie  sanx:  type,  but  less  pronounced,  appar¬ 
ently  occurs  on  solution  of  zinc  perchlorate  hexahydrate,  near  a  point  also  corresponding  to  a  dilution  of  1 : 200. 

The  indicated  peculiarities  in  the  paths  of  the  curves,  it  seems  to  us,  are  of  substantial  scientific  importance, 
but  v/e  shall  not  interpret  tliem  until  a  greater  amount  of  experimental  results  has  accumulated. 


SUMMARY 

1.  The  heats  of  solution  of  magnesium  perchlorate  hexahydrate  in  water  were  determined  for  dilutions  of 
1:1000,  1  :700,  1:500,  1:300,  1:200,  1:100,  1:50,  1:30,  1:25,  1  :  15,1:11,1:9,  1  : 8, 1  : 7,  1 : 6.5. 

2.  The  heats  of  solution  of  magnesium  perchlorate  hexahydrate  were  compared  with  tliose  of  zinc  perchlo¬ 
rate  hexahydratc.  In  concentrated  solutions  they  have  identical  values,  whereas  in  dilute  solutions  they  differ  by 
0.4  kcal.  The  curve  of  the  relation  between  the  heat  of  solution  and  the  dilution  has  a  bend  at  a  dilution  of  about 
1:200. 
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PHYSICOCHEMICAL  ANALYSIS  OF  SYSTEMS  CONTAINING  SALTS 
OF  ORGANIC  ACIDS 

I.  RECimOCAL  SYSTEM  OF  SODIUM  AND  POTASSIUM  CHLORIDES  AND  ACETATES 

I.  I.  Il'yasov  and  A.  G.  Bergman 

Rostov-on  Don  Engineering-Construction  Institute 

Translated  from  Zhurnal  Obshchei  Khim.,  Vol.  30,  No.  2,  pp.  355-358, 

February,  1960 

Original  article  submitted  January  29,  1959 

Salt  systems  containing  organic-acid  salts  have  not  yet  been  studied  fully  enough.  The  problem  of  finding 
the  relation  between  the  structure  of  the  organic  radical  and  the  physicochemical  properties  of  the  system  has  been 
posed  in  articles  on  a  scries  of  Soviet  investigations  [1-9].  Our  investigations  supplement  the  Indicated  series  of 
works.  . 

EXPERIMENTAL 

The  investigation  was  conducted  by  the  visual-polythermal  method  in  glass  test  tubes  with  an  outer  jacket, 
a  nichromc-constanian  thermocouple  and  a  sensitive  millivoltmeter  being  used.  Purified  salts  were  employed. 

For  brevity,  not  all  the  experimental  data  are  given  in  the  tables.  All  composition  data  are  expressed  In  mole 
(equivalent)  percent. 

The  melting  points  of  the  components  were:  NaOOCCH3  328*,  KOOCCH3  306*,  KCl  772*,  and  NaCl  800*. 

The  melts  were  relatively  stable  up  to  400*.  Above  this,  decomposition  began;  therefore  our  investigation  was 
limited  to  temperatures  up  to  450*. 

Binary  Syste  ms  (Fig.  1,  Table  1) 

1.  NaOC)CCH2“KOOCCH3.  In  contrast  toearlierdata  [10, 11],  we  found  the  incongruently  melting  compound 
NaO(XCH3  •  2KOOCCH3  [13].  The  eutectic  point  corresponded  to  240*  and  50f/o  KOOCCHs.  There  was  a  transition 
point  at  255*  and  Qlfh  KOOCCH3. 

2.  NaOOCCHs-NaCl.  This  system  had  a  eutectic  at  328*  and  1070  NaCl. 

3.  KOOCCH3-KCI.  The  eutectic  corresponded  to  293*  and  10.5*70  KCl, 

4.  NaCl- KCl.  This  system  was  investlged  earlier  [12].  It  consists  of  a  continuous  series  of  solid  solutions 
with  a  melting-point  minimum  at  507®  KCl  and  658*.  On  cooling,  the  solid  solutions  disintegrate  at  about  500*. 

The  Reciprocal  System  Na,  KjlCl,  CH3COO.  Besides  diagonal  cross  sections,  six  internal  sections  were  studied; 
tills  made  it  possible  to  outline  tlie  system's  surface  of  crystallization  (Fig.  2,  Table  2),  which  consisted  of  five  crys¬ 
tallization  fields  of  the  components  and  tlie  compound  NaOOCCH3  •  2KOOCCH3.  The  NaCl  and  KCl  fields  near 
tlie  lateral  side  NaCl- KCl  sliould  blend  into  the  general  field  of  die  continuous  scries  of  solid  solutions  of  both 
metal  chlorides  at  a  (theoretical)  temperature  of  about  600*.  It  is  evident  from  Fig.  2,  that  the  solubility  of  the 
chlorides  in  the  corresponding  acetates  is  relatively  low  and  even  at  450*  is  about  2^1o  on  die  average.  For  this 
reason  the  eutectic  point  of  the  lateral  side,  240*,  is  decreased  within  die  system  only  to  230*. 
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Lateral  Binary  Systems  and  Diagonal  Cross  Sections 
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t  “  temperature  of  appearance  of  first  crystals. 


Fig.  1.  Lateral  binary  systems  and  diagonal  cross  sections. 


SOO*  658“  772“ 


Fig.  2.  Phase  diagram  of  the  reciprocal  system,  disposition  of 
internal  sections,  and  triangulation. 

The  indicated  fields  meet  at  three  invariant  points  (Table  3). 

The  projected  areas  of  the  crystallization  fields  for  the  given  compounds  are:  NaOOCCllj  •  2KOOCCHj 
0.64‘l/o,  NaOOCCMs  3.127o,  KOOCCH3  l.STjo,  and  solid  solutions  [Na,  K]C1  94.37‘7o  of  the  area  of  tlie  composition 
square.  The  latter  is  triangulated  by  a  cross  section,  proceeding  from  the  KCl  vertex  to  tlie  NaOCXi:CH3  vertex 
and  to  die  composition  pole  of  the  compound  NaOCXZCHs  *  2KOOCCH3,  into  three  phase  triangles: 

I)  NaOOCCH3-NaGl— KCl,  II)  NaOOGCIIa-KCI-NaOOGCH, . 

.2KOOCCII3,  III)  iNaGOCGlIa  •  2KOOCCII3— KCI  — KOOGGII3. 

In  general  character  the  system  is  a  reversible-reciprocal  one  with  the  triangulating  diagonal  NaO(XCH3— 
~KC1.  The  heat  of  exchange  of  this  salt  pair  is  2.44  kcal/equiv.: 

KOOCCll3+NaCl;!:NaOOCCIl3-l-KCl 
173.3  !)8.23  169.8  104.17 
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TABLE  3 


Point 

Composition  (in  mole'^o) 

Equilibrium  phases 

Temp| 

1  N.tCI  1 

KOOCCll,  j 

NaOOCCH, 

Px 

2860 

7.5 

22.0 

70.5 

NaCI-KCl-NaOOCCn, 

Ih 

230 

5.0 

.55.0 

40.0 

Kri-Na06C(;il,-NaOOCCII,  •  ZKOOCClIj 

Pi 

243 

5.0 

(iO.O 

2iM) 

NaOOCCH,  •  2KOOCCH,-KCI-KOOCCH, 

SUMMARY 

1.  Sodium  and  potassium  acetates  form  an  incongruently  melting  compound  having  the  composition 
NaOOCCIIa  •  2KOOCCUj. 

2.  The  phase  diagram  of  tlic  reciprocal  system  Na,  K||C1,  CMaCOO  Indicates  tlie  formation  of  a  reversible- 
reciprocal  system  vritli  the  more  stable  diagonal  NaOOCCHa- KCl. 
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INTERACTION  OF  CYCLOPROPANE  HYDROCARBONS  WITH 
MERCURIC  SALTS 

XI.  OPENING  OF  THE  THREE-MEMBERED  RING  IN  (0,1  ,N)-BICYCLOALKANES 
(N  =  2.  3,  and  4) 
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Earlier  fl]  we  found  that  in  the  reaction  of  1,3- dimethyl -(0,1 ,3)- bicyclohexane  with  mercuric  acetate  in  aqueous 
and  mctlianolic  solutions  and  subsequent  treatment  with  potassium  salts,  crystalline  organomercury  compounds  are 
formed,  whicli  consist  of  cyclopentanols  mcrcurated  in  the  side  chain  (y -mercurated  alcohols)  or  their  methyl 
ethers. 


YCM3  Hg(OCOCH,), 

Roil 


0»=0H,0CHj-,  X=Cl,Br,I  ,CH  ,  CMS. 


The  structure  of  the  products  of  this  reaction  was  established  by  obtaining  trimcthylcyclopentanol  on  re¬ 
duction  (replacement  of  the  HgX  group  by  hydrogen)  of  one  of  the  synthesized  y -mcrcurated  alcoliols  (where 
OR  =  OH,  X  =  Cl).  Thus  the  trimetliylcne  ring  in  hydrocarbons  of  the  (0,l,3)-bicycloliexanc  ser^ds  is  opened  be¬ 
tween  the  least-  and  most-substituted  carbon  atoms;  l.e.,  mcrcurated  cyclopentanols,  and  not  cyclohexanols,  are 
formed. 

In  the  present  work  this  reaction  was  used  to  characterize  the  first  member  of  this  hydrocarbon  series  — 
(0,l,3)-bicycloltexanc  itself  (I;  northujane)—  through  crystalline  derivatives;  as  in  the  case  of  1,3-dImeihyl- 
(0,l,3)-bicyclohexane  die  uirnethylene  ring  is  easily  opened  on  treatment  witlt  aqueous  mercuric  acetate  solution. 


HO  CHjHgOCOCH, 

Hg{0C0CHj),  I - [ 

MOM  ^  VJ 


(M 


(H) 


XBr 


HO  CH.HqBr 

d 


(nil 


The  behavior  of  other  bicycloalkanes  containing  a  three-membered  ring:  (0,l,4)-bicyclolieptane  (IV; 
norcarane)  and  (0,1 ,2)-bicyclopentane  (VI),  on  reaction  with  mercuric  acetate  was  further  studied.  The  first 
reacts  smoothly  wiili  mercuric  acetate  in  aqueous  solution  at  room  temperature  with  the  formation  of  crystalline 
2-hydroxy-l-acetoxymercurimethylcyclohexanc  (V),  from  wliich  the  corresponding  chloromcrcuri  and  bromo- 
mcrcuri  dcrivates  were  prepared. 
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Tlic  structure  of  y -mcrcuratcd  alcoltols  prepared  from  norcarane  (and  also,  therefore,  the  point  at  which  die 
irlmetliylenc  ring  was  opened)  was  proved  by  studying  the  thermal  decomposition  of  otic  of  them  (2-hydroxy-l - 
acetoxymcrcuritncthylcyclohcxanc)  in  the  presence  of  zinc  dust.*  The  products  of  this  reaction  proved  to  be 
l-mcthylcycloIicxanol-2  and  l-mcthylcyclohcxanone-2  (identified  throitgh  crystalline  derivatives). 


The  3,f>-dinitrobcnzoatc  obtained  from  l-mctliylcyclo!icxatiol-2  corresponded  in  melting  point  to  the 
trans-fortn  of  the  latter;  this  indicates  trans-addition  of  mercuric  acetate  (in  aqueous  and  alcoholic  solutions) 
on  breaking  tlic  three- membered  ring  in  (0,l,4)-bicyclohcptane  (IV). 

Wlicn  the  reaction  of  (0,1 ,2)-bicyclopcntane  (VI)  with  mercuric  acetate  (in  aqueous  soltition)  was  studied, 
it  was  found  tliat  rupture  of  the  thrcc-mcmbercd  ring  takes  place  in  the  most  reactive  C-C  bond  (1 ,3),  which 
belongs  to  both  strained  rings;  as  a  result  3-acctoxymcrcuricyclopcntanol  (Vll)  is  formed;  from  the  latter,  crys- 
tallitic  3-chloromercuri-,  3-bromomcrcuri-,  and  3-thiocyanomercuricyclopcntanols  were  obtained. 


WgtOCOCH,), 

HOW 


HO 


-MgOCOCH, 


W) 


(Vll) 


X  =  Cl,Bror  CNS 


The  structure  of  the  organomcrcury  compounds  obtaiticd  from  (0,l,2)-bicyclopcntanc  was  confirmed  by 
tlie  fact  that  tlicrmal  decomposition  of  one  of  them  (VII)  in  the  presence  of  zinc  dust  gave  cyclopctiianol  and 
cyclopcntationc  (identified  by  preparing  crystalline  derivatives"  the  phcnylurcthanc  and  scmicarbazonc,  respec¬ 
tively). 


Thus  in  (0,l,2)-bicyclopcntane,  in  contrast  to  (0,1,3)-  and  (0,l,4)-bicycloalkancs,  the  carbon-carbon 
bridge  is  cleaved  on  treatment  with  mercuric  acetate.  The  preparation  of  crystalline  organomcrcury  compounds 
(not  previously  described  in  the  literature)  may  serve  for  identification  of  bicycloalkanes  containing  a  three- mem¬ 
bered  ring. 

EXPERIMENTAL 

The  original  bicycloalkanes  had  the  following  constants:  (0,1 ,2)-bicyclopcntanc  (IV)  synthesized  by  metliod 
[6]:  b.  p.  43-44*  (748  mm),  1.4224,  d”4  0.735,  MRp  21.79.  CjUg  DA.  Calculated  22.05.  Literature  data 
[6):  b.  p.  45.5*  (759  mm),  n^^D  1.1219,  d^®4  0.791.  (0,1 ,3)-Bicyclohexane  (nortliujanc;  I)  synthesized  by  method 
[5],  by  treating  cyclopentcnc  with  bromoform  and  potassium  tert-butoxide  and  then  reducing  the  dibromide  formed 
b.  p.  80-81*  (739  mm),  n^®D  1.4430,  d*®4  0.8200,  MRd  26.56.  CellioA.  Calculated  26.21. 

Literature  data  [7]:  b.  p.  78-79.5*  (750  mm),  n*°D  1.4320,  d*°4  0.8144.  (0,l,4)-Bicyclohcptanc  (VI)  synthe¬ 
sized  from  cyclohcxcne  by  method  [5]:  b.  p.  112-115*  (743  mm),  n^D  1.4575,  d^“4  0.8540,  MRp  30.70.  C7H,2A. 

•Earlier  (2-4]  we  used  this  reaction  successfully  in  studying  the  structure  of  products  of  the  reaction  between 
mercuric  acetate  and  alkyl-  or  arylcyclopropancs. 
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Calculated  30.82.  Literature  data  [5,  8]:  b.  p.  112-117*  (760  mm),  n“D  1.4552;  b.  p.  111-112*  (760  mm), 
n”D  1.4514,  d”^  0.8391. 

Treatment  of  (0,l,2)-Bicyclopcntane  (VI)  with  Mercuric  Acetate.  The  hydrocarbon  (4  g)  and  a  filtered 
aqueous  solution  (100  ml  of  distilled  water)  of  mercuric  acetate  (22.67  g)  were  cooled  beforehand  (0*)  and  mixed, 
and  the  reaction  mixture  was  put  itito  ice.  Completion  of  tlie  reaction  was  determined  by  die  disappearance  of 
the  mercuric  salt  in  the  soltition  (negative  reaction  with  alkali).  After  distilling  off  die  water  and  acetic  acid  In 
vactio,12  g  (82yo)  of  3-hydroxy- l-acetoxymercuricyclopcntane  (VII)  was  isolated  in  the  form  of  a  noncrysiallizing 
oil;  metathesis  with  potassium  salts  gave  crystalline  organomercury  compounds,  which  were  furdier  rccrystalllzed 
from  an  acetone -ether  mixture. 

3-Hydroxy-l-chloromercuricyclopentane;  m.  p.  97-98*. 

Found  *70:  llg  62.34,  62.20.  CjIljOClHg.  Calculated ‘7o;  Hg  62.45. 

3-Hydroxy-l-bromomercurlcyclopentane;  m.  p.  129-130*. 

Found  C  16.78,  16.68;  11  2.65,2.58.  CsHgOBrHg.  Calculated  "fo:  C  16.42;  H  2.47. 

3-lIydroxy-l-thiocyanomercuricyclopentane;  m.  p.  110-111*. 

Found  7o:  Hg  59.44,  59.28.  CellgONSHg.  Calculated ‘7o:  Hg  59.93. 

# 

For  proof  of  die  structure  of  die  y  -mercurated  alcohols  obtained  from  (0,1 ,2)-blcyclopentane,  one  of  them 
(VII;  3-hydroxy-l-acetoxymercuricyclopentane;  12  g)  was  cautiously  heated  in  die  presence  of  zinc  dust  (1.5  g)« 
until  liquid  reaction  products  began  to  distill.  The  alcohol-ketone  mixture  that  collected  was  freed  from  a  small 
amount  of  mercury,  dried,  and  distilled.  The  fraction  (2.5  g,  85'7o)  with  b.  p.  120-142*  (748  mm)  and  n*°D  1.4400 
was  collected.  Cyclopcntanone  was  identified  in  the  reaction  product  by  preparing  die  semicarbazone  with  m.p. 
203*;  cyclopcntanol  was  identified  by  preparing  the  plienylurethane  wldi  m.  p.  132*. 

Literature  data:  cyclopcntanone,  b.  p.  129"  (760  mtn),  n*°D  1.4370  [9],  semicarbazone,  m.  p.  203*  (10); 
cyclopcntanol,  b.  p.  139-141*  (760  mm),  n*®D  1.4530  (9],  phenylurcthane,  m.  p.  132.5*  (11). 

Treatment  of  (0,1 ,3)-Bicyclolicxane  (Northujane)  with  Mercuric  Acetate.  The  reaction  between  bicyclo¬ 
hexane  (0.6  g)  and  mercuric  acetate  (1.92  g)  in  distilled  water  (7  ml)  was  carried  out  by  shaking  die  reaction  mix¬ 
ture  for  several  hours  at  room  tetnperature.  When  the  reaction  was  finished,  the  aqueous  solution  was  treated  wlUi 
concentrated  alkali  (for  removal  of  mercury  salts),  filtered,  acidified  with  acetic  acid,  and  cooled;  a  solution  of 
potassium  bromide  (0.71  g)  was  then  added.  The  precipitated  crystals  of  2-hydroxy- 1 -bromomercurimethyl- 
cyclopentane  (ill)  (yield  1,66  g,  60'Vo,  reckoned  on  the  original  hydrocarbon)  melted  at  151-152*  after  recrystalli¬ 
zation  from  petroleum  ether. 

Found  Hg  52.40,  52.60.  CgHnOBrHg.  Calculated ‘7o;  Hg  52.83. 

Treatment  of  (0,1 ,4)-Bicyclolieptane  (Norcarane)  with  Mercuric  Acetate.  The  reaction  between  norcarane 
(7.5  g)  and  mcrctiric  acetate  (24.8  g)  and  subsequent  treattnent  of  the  aqueous  solution  were  carried  out  as  indicated 
for  the  reaction  with  (0,l,3)-bicyclohcxanc.  After  treatment  with  alkali  and  acidification  of  the  solution  with 
acetic  acid  the  water  was  distilled  off  in  vacuo  and  tltc  residue  rccrystalllzed  from  ether.  The  resulting  2-hydroxy- 
l-acetoxymcrctirimethylcycloliexane  (25  g,  Sfflo)  had  m.  p.  129-130*. 

Found^yo:  C  29.66,  29.51;  11  4.79,4.64.  CgllieOjllg.  Calculated ‘7o:  C  29.51;  H  4.65. 

The  mcrcuriacetatc  obtained  was  converted  to  the  chloride  and  bromide  by  treatment  with  equimolar  quan¬ 
tities  of  potassium  chloride  and  bromide,  respectively. 

2-Hydroxy- 1-chloromercurimctliylcyclohcxanc  (yield  0.71  g,  13lo),  m.  p.  122-123*  (from  ctlicr). 

Found  *70;  C  24.26,  24.31;  H  3.91,  3.94.  CglijOClHg.  Calculated ‘7o:  C  24.07;  H  3.75. 

2-Hydroxy- l-bromomcrcurimcthylcyclohcxane  (yield  0.82  g,  SOlo),  m.  p.  114-115*  (from  ether). 

Found ‘7»:  C  21.54,  21.43;  H  3.58,  3.58.  CTHigOBrUg.  Calculated ‘7o:  C  21.36;  H  3.33. 

•The  reaction  was  carried  out  in  a  flask  witli  a  saber-shaped  lead-off  tube  attached  low  on  the  neck,  provided  with 
a  reflux  condenser. 


385 


X 


Tlie  incrciirlacctate  obtained  from  norcarane  (V;  12.5  g)  was  decomposed  by  heat  in  the  presence  of  zinc 
dust  (3  g)  by  die  mcUiod  Indicated  above.  On  distillation  of  the  reaction  product  tlie  fraction  (6.2  g,  Sl'Vo)  with 
b.  p.  1C4-1G5*  (750  mm)  and  n*^D  1.4542  was  isolated.  The  presence  of  l-niethylcyclohcxanone-2  In  the  Isolated 
fraction  was  proved  by  preparing  the  semlcarbazone  with  m.  p.  191*  (from  25%  alcohol). 

Found%:  N  24.59,  24.45.  CgHjsONa.  Calculated  %:  N  24.24. 

Literature  data  for  l-methylcyclohexanonc-2  [12]:  b.  p.  ICG*,  n*®D  1.4483;  semicarbazone  m.  p.  191*. 

The  structure  of  titc  carbinol  present  in  the  products  of  thermal  decomposition  was  proved  by  preparing  the 
3,5-dlnItrobcnzoate,  wliich  proved  to  be  trans-l-mcthyl-2-cyclohcxyl  3,5-dinItrobenzoate.  After  recrystalllza- 
lion  from  alcohol  it  melted  at  114-115*. 

Found  %:  N  9.05,  8.9G.  Cj^HjcOcNt.  Calculated  %:  N  9.09. 

Literature  data  for  l-methylcyclohcxanol-2  [13]:  trans-form  —  b.  p.  166.5*  (758  mm),  n*®D  1.4611;  3,5- 
dinltrobenzoate  m.  p.  114-115"  (cis-form  3,5-dinltrobcnzoate  m.  p.  99-100*). 

SUMMARY 

1.  Opening  of  the  three- me mbered  ring  on  treatment  witli  mercuric  acetate  in  aqueous  solution,  which 
Is  characteristic  of  alkyl-  and  arylcyclopropanes,’ also  is  a  characteristic  reaction  of  bicycloalkanes  wItJi  con¬ 
densed  rings,  one  of  which  Is  tlirce-membcred. 

2.  Opening  of  the  three -me mbered  ring  in  (0,l,3)-bicyclohexane  and  (0,l,4)-blcyloheptanc  on  treatment 
with  mercuric  acetate  leads  to  the  formation  of  y-mcrcurated  alcohols  of  the  cyclopentane  and  cycloltexane 
scries,  respectively;  I.  e.,  cleavage  takes  place  not  in  the  carbon-carbon  "bridge,"  but  between  the  most-  and 
least-substituted  carbon  atoms. 

3.  It  was  shown  tliat  on  treatment  of  (0,l,4)-blcycloheptane  (norcarane)  with  mercuric  acetate  (In  aqtieous 
solution),  tra ns- addition  of  tlie  reagent  to  the  three -membered  ring  takes  place. 

4.  Opening  of  the  three- membered  ring  ln(0,l ,2)-bicycIopcntane  leadsto  formation  of  a  y-mercurated 
alcohol  of  the  cyclopentane  (and  not  tlie  cyclobutane)  series;  i.  e.,  cleavage  takes  place  In  the  C— C  bridge  be¬ 
longing  to  both  strained  rings. 

5.  The  preparation  of  y-mercurated  alcohols  may  be  used  for  identification  of  (0,l,N)-bIcycloalkancs. 
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In  a  number  of  works  it  was  shown  that  the  dehydration  of  2,2,4,4-tetramethyl-3-alkylcarbinols-3  often 
leads  to  the  formation  of  isomerized  olefins  containing  the  tetramethylpropyl  (iripiyl)  group  [1-3].  A  scheme 
for  tlie  formation  of  olefins  of  the  indicated  type  was  proposed  by  Bartlett  and  co-workers  [3], 

C  one  C  C  C  C  C  C 

III  i  +  i  11+  ri 

c— c— C-C— C  — ♦  C— C— C— C— C  C— C— C— C— C  — ^c— C— C— C— R. 

Ill  III  III  I  I  i 

GRC  cne  CRC  ccc 


These  works  indicate  the  relatively  greater  stability  of  a  cation  with  a  trlptyl  group  under  dehydration 
conditions;  therefore  we  hoped  to  prepare  individual  paraffin  hydrocarbons  containing  a  triptyl  group  through 
tlie  dehydration  of  txiptylmcthylalkylcarbinols.  To  synthesize  these  carbinols,  we  chose  the  method  of  Inter¬ 
action  of  organomctalllc  compounds  with  2,2,3, 3-tetramethylpcntanone-4,  which  may  be  prepared  by  isomerlz 
Ing  hexamethylaceione  with  sulfuric  acid  [4,  5], 


C  G  G  G 

G-C-G-C-G  C-C-G-C-C 

I  II  I  I  I  ][ 

GOG  G  G  O 

G  G 

I  I  + 

G-G-G-G-Il 

I  I  I 

G  G  G 


Men 

11,0 


G  G  Oil 

•11. 

C-G-G-G-R 

I  I  I 

G  G  G 

olefin 


H.O 


Hcxametliylacetone  may  be  prepared  by  the  method  of  Cooke  and  co-workers  [6],  who  synthesized  this 
ketone  in  75'7o  yield  tluough  the  condensation  of  trimethylacctyl  chloride  witli  tert-C4H9MgCl  in  tlie  presence  of 
CuClj.  However,  this  synthesis  involves  many  steps,  and  a  long  time  (4  days)  is  required  In  order  to  carry  it  out. 
Bartlett  [3]  proposed  a  new  metliod  for  synthesizing  this  ketone  -  carbonation  of  tert-C4H9Li  at  -60*.  The  yield 
of  ketone  is  3Sf7o.  It  is  a  one -step  reaction,  but  the  reaction  mixture  must  be  kept  at -60*  for  20  hoias. 

Recently  we  found  [7]  tliat  the  reaction  of  ethyl  formate  with  a  100'7o  excess  of  tert-C4H9LI  leads  to  the 
formation  of  di-tert-butylcarblnol  in  85'’/o  yield.  In  the  present  investigation  we  found  that,  owing  to  the  greater 
reactivity  of  metliyl  formate  on  reaction  witli  organomctallic  compounds  in  comparison  with  other  esters,  the  molar 
ratio  of  alkyllithium  to  methyl  formate  may  be  decreased  from  4:1  to  2:  1.  Tlie  yield  of  alcoliol  In  this  case  is 
65-7(/7o.  On  oxidation  of  the  carbinol  witli  concentrated  nitric  acid  [8],  hexamethylacctone  is  obtained  In  nearly 
quantitative  yields  (957o).  Yield  62-67?o,  reckoned  on  tcrt-C4H9Cl.  We  propose  this  synthesis  as  a  new  preparative 
method  for  synthesizing  hexamethylacctone. 
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TABLE  1 


Meaning  of  R  in  RLi 

c,n. 

C,ll, 

C.H, 

Yield  of  alcohol 
(in^^) 

G  G  G 

9.8— 12 

21 

1!) 

1  1  1 
G-G-G-G-U 

1  1  i 

G  G  on 

c,n„  Iso-C,Hi 


HCOOCMa  -f  ten  -CJIoLi  — ^  (Cll3)3C-CHOH-C(CH3)3  ~ — i. 

(CM3)3C-C-C(GH3)3 

II 

o 

o 

It  is  generally  known  tliat  ketones  of  the  type  CH3-C-R  (R  is  a  tertiary  radical)  often  tend  to  enolize 
on  reaction  with  Grignard  reagents.  For  instance,  Whitmore  and  co-workers  [9]  showed  that,  v;hile  the  reaction 
of  pinacolinc  with  CH3MgI  leads  to  only  enolization  of  this  ketone,  the  ketone  CH3COC  (CjH5)3  becomes 
B'fVo  enolized. 

In  the  present  work  we  found  tJiat  the  degree  of  enolization  of  2,2,3,3-tctramethylpentanonc-4  reaches 
99.fr/o  on  reaction  with  CIl3MgI;  i.e.,  the  ketone  is  completely  enolized. 

CII3  Glia  GH3  GH3 

I  I  CII.Me  I  I  I 

CII3-G - G - G-GII3  — GII3-G - G - G=GIIa. 

I  I  II  III 

GH3  GII3  0  GH3  GHa  con 

C  G  C 

Clearly,  carbinols  of  the  desired  type  G— G— G— G— H  cannot  be  prepared  by  means  of  Grignard  reagents; 

I  I  I 
G  G  on 

therefore,  wc  attempted  die  condensation  of  2,2,3,3-tetramcthylpentanone-4  with  alkyllithiums.  The  experi¬ 
ments  showed  that  the  interaction  of  this  ketone  widi  normal  primary  alkyllithiums  (in  five-  to  sixfold  excess) 
leads  to  the  formation  of  tertiary  carbinols  in  10-2Cl7o  yields,  enolization  amounting  to  about  60-7(f/o.  In  the 
case  of  condensation  widi  iso-C3ll7Li  die  yield  of  carbinol  fell  to  O-S'Vo  (Table  1). 

The  considerable  yield  of  tertiary  alcohols  in  the  case  of  syntheses  with  alkyllithiums  may  be  explained 
by  the  fact  that  tlic  condensation  of  this  ketone  with  alkyllidiiums  goes  more  rapidly  than  that  with  RMgX.  It 
should  be  rcmcmliered  that  phenyllithium  reacts  widi  bcnzoniirile  100  times  as  fast  as  CcllsMgBr  [10],  The  keto 
form  of  this  compound  is  not  completely  converted  to  die  enol,  but  reacts  in  part  to  form  tertiary  alcohols. 

The  alcohols  obtained  were  easily  dehydrated  over  CuSO^  at  130-140“  with  the  formation  of  olefins.  Ozo- 
liization  of  the  dehydration  products,  however,  showed  that  here,  also,  isomerization  occurred  in  a  number  of 
cases.  For  instance; 
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In  botli  cases  a,a,6,B-tetramethylbutyrlc  acid  was  obtained  as  a  result  of  ozonization.  Besides,  methyl 
etliyl  ketone  was  obtained  in  tlie  first  case  and  methyl  propyl  ketone  in  the  second.  The  olefin  apparently  is 
formed  in  the  following  steps: 
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isomerization 


c-c-c-c=c-n 


It  should  be  noted  that  a  proton  is  split  off  from  carbenium  ion  A,  not  from  the  alkyl  or  methyl  group,  but 
mainly  from  tlie  methylene  group.  The  dehydration  product  of  2,2,3,3,4,5-hexainetliyUiexanol-4  mainly  consists 
of  an  olefin  having  the  same  structure  as  the  original  alcohol. 


C  C  Oil  c  c 
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EXPERIMENTAL 

Preparation  of  Hexamethylacetone.  Tert-butyllithium  was  prepared  by  method  [11]  at  “40*  in  a  dietliyl 
etlier  medium  during  3  hours.  Por  die  reaction  42  g  (6  moles)  of  lithium,  280  g  (3  moles)  of  tert-C4n9Cl,  and 
90  g  (1.5  moles)  of  metliyl  formate  were  taken.  The  methyl  formate  was  added  to  the  tert-C4H9Li  obtained, 
during  3  hours  at  -40*.  Then  the  reaction  mixture  was  stirred  for  2  hours  more  at  tlie  same  temperature.  After 
decomposition  and  die  usual  treatment  the  product  was  fractionated  in  a  column  (40  cm  with  glass  packing). 

The  fraction  with  b.  p.  72-78*  amounted  to  5.6  g  (4.4'’/o)  and  consisted  of  trimcthylacetaldehyde;  the  2,4-dinitro- 
phenylhydrazone  melted  at  203-204*. 

Found  lo-.  N  20.8.  20.6.  CJ1H12O4N4.  Calculated  N  21.05. 

Di-teri-butylcarbinol  distilled  at  165-167*.  M.  p.  51-52*.  Yield  138  g  (6'f7o). 

Found ‘7o;  C  75.15,  75.14;  H  14.04,  13.92;  OH  11.2.  C9H20O.  Calculated  C  74.87;  H  13.97;  OH  11.8. 

When  diis  syndiesis  was  repeated  with  the  same  quantities  of  reagents,  152  g  {lO.Slo)  of  di-tcrt-bntylcarbinol 
was  obtained.  Literature  data  [12]:  b.  p.  117-118*  (166  mm),  m.  p.  50*. 

To  128  g  of  di-tcrt-butylcarbinol,  placed  in  a  flask  provided  widi  a  reflux  condenser,  250  g  of  concentrated 
nitric  acid  was  added  dropwise.  Heat  was  evolved  in  tlie  oxidation  reaction,  which  caused  the  carbinol  to  boil. 

The  oxidation  product  was  neutralized,  extracted  five  times  with  ctJicr,  dried  over  Na2S04,  and  fractionated  in 
tlie  column.  A  107  g  quantity  (OOp,  reckoned  on  tlie  carbinol)  of  liexamctliylaeetone  was  obtained. 

B.  p.  150-153*  (752  mm),  n*®D  1.4192,  d^°4  0.8269.  Literature  data  [13]:  b.  p.  152*,  ti^D  1.4192,  d”  0.8240. 

Preparation  of  2,2,3,3-Tetramcthylpcntanone-4.  A  mixture  of  67.5  g  of  liexamctliylaeetone  and  2  liters  of 
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concentrated  sulfuric  acid  was  left  to  stand  for  10  hours  at  room  temperature,  after  which  the  reaction  mass  was 
decomposed  with  ice,  extracted  with  ether,  washed  with  NallCOs  solution,  and  dried  over  CaCl2.  The  following 
compounds  were  isolated  by  fractionation  in  die  column  at  756  mm. 

3)  2-Mcthylbutanone-3  -  5.7  g  (21'7o),  n^D  1.388G,  d”4  0.8028.  2,4-Dinitrophenylhydrazonc  m.  p. 120-121*. 

Found  %:  N  21.28,  21.17.  Cnllj^O^N^.  Calculated ‘7o:  N  21.08. 

2)  2,2,3, 3-Tetramct]iylpentanone-4  -  38.7  g  (G2"/o).  B.  p.  166-169*;  m.  p.  58.5-59*  (from  n-hexane).  2,4- 
Dinitrophenyltiydrazone  m.  p.  187-188" 

Found 'J'o;  N  17.49,  17.29.  C15H24O4N4.  Calculated ‘7o:  N  17.38. 

Literature  data  [4]:  b.  p.  165.5-166.5*,  m.  p.  55*.  2,4-Dinitrophenylhydrazonc  m.  p.  188.5*. 

A  0.296  g  quantity  of  tlie  ketone*  was  caused  to  react  witli  an  excess  of  CHsMgl  at  22*  and  756  mm  pressure. 
During  25  minutes  50.2  ml  of  mctlianc  was  evolved. 

Found ‘7°:  OH  11.8.  CgHigO.  Calculated  OH  11.97. 

Interaction  of  2,2,3,3-Tetramcthylpcntanonc-4  v;ith  Alkyllitliiums.  Etliyl-,  propyl-,  butyl-,  and  amyllith- 
iums  were  prepared  by  method  [14],  through  tlic  reaction  of  metallic  lithium  with  the  corresponding  alkyl  bromides 
In  anctliyl  ctlicr  medium.  Isopropyllithium  also  was  prepared,  by  method  [11]  at -40*.  For  the  reactions  tlic  alkyl- 
litlilums  were  taken  in  200- BOO^  excess  over  the  2,2,3,3-tetrameihylpcntanone-4.  The  reactions  were  carried  out 
at  0-10*  during  4  liours,  witli  tlte  exception  of  the  reaction  with  isopropyllitliium  (-40").  The  original  ketone  was 
recovered  in  part,  and  the  corresponding  carbinols  (I-V),  whose  properties  arc  given  in  Table  2,  were  isolated. 

During  the  addition  of  2,2,3,3-tctramcthylpcntanonc-4  to  the  alkyllitliium  a  gas  was  evolved,  which  did  not  de¬ 
colorize  bromine  water.  The  gas  evolved  in  the  reaction  with  propyllitliium  had  b.  p.  -40*.  Gas  analysis  sliowed 
tltat  it  contained  GOVo  of  a  saturated  hydrocarbon  (propane). 

Dehydration  of  2,2,3,3-tctramethyl  -4-alkylpcntanols-4  was  carried  out  by  method  [15]  over  CuSO^.  On 
dehydration  of  40.5  g  of  2,2,3,3,4-pentamcthyllicptanol-4  (II),  32.7  g  of  the  olefin  was  obtained; 

n.  p.  110-113.5*  (40  mm).  n*°D  1.4523-1.4528,  d”^  0.8039. 

Found  C  85.71,  85.64;  11  14.32,  14.29.  CJ2H24.  Calculated  *70;  C  85.62;  H  14.38. 

Ozonization.  A  13.8  g  quantity  of  the  olefin  was  taken.  Ozone  was  passed  through  a  mixture  of  olefin  and 
50  ml  of  chloroform  at  0*  for  28  hours.  The  ozonidc  v/as  decomposed  by  boiling  witli  20  ml  of  water.  The  aqueous 
solution  was  drawn  off,  and  the  organic  part  was  dried  and  was  fractionated  in  a  column.  The  following  fractions 
were  obtained: 

1st,  b.  p.  130-150",  1.2  ml.  n”D  1.4090; 

2nd,  b.  p.  150-160*.  1.3  ml,  n”D  1.4230; 

3rd.  b.  p.  160-168",  3.4  ml,  n*®D  1.4310; 

4th,  b.  p.  168-175*,  4.8  ml,  n*®D  1.4350  (crystallized  within  3  minutes); 

5th,  b.  p.  175-190*,  1  g,  crystals; 

6th,  b.  p.  190*  and  higher,  0.9  g. 

The  crystalline  product,  recrystallized  twice  from  methanol,  had  m.  p.  194-195*  and  was  a,a,0 ,6 -tetra- 
methylbutyric  acid. 

Found ‘7o;  C  84.70,  84.82;  H  15.20,  15.26.  M  142.5.  Neutralization  equiv.  145.5.  CJH15O2.  Calculated 
C  84.61;  H  15.39.  M  144.13.  Neutralization  equiv.  144.13. 

a,a,  6 ,6-Tctramcthylbutyric  acid,  m.  p.  194-195",  was  prepared  by  oxidizing  2,2,3,3-tetramethylpentanone-4 
with  50^0  nitric  acid.  The  mixed  sample  had  m.  p.  194-195*.  Literature  data  [4];  m.  p.  196*. 


•In  the  syntliesesonly  2,2,3,3-tetramcthylpentanone-4  witli  m.  p.  over  58*  was  used. 
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Boilinz  point  Founded)  Molecular  Calculated  (7o) 


,5-Hexameti 


After  decomposition  of  tlie  ozonide,  formaldehyde  was  found  In  the  aqueous  solution  (by  mea^s  of  phenyl- 
hydrazlnc  and  potassium  ferrlcyanidc).  After  treatment  of  the  aqueous  solution  with  hydrogen  peroxide  for  re¬ 
moval  of  the  formaldehyde,  a  precipitate  was  obtained  with  2,4-dinitrophenylliydrazinc,  which  had  m.  p.  110-111*. 
A  mixed  sample  with  chemically  pure  metiiyl  etliyl  ketone  2,4-diniirophenylhydrazone  gave  no  melting-point 
depression.  According  to  ozonization  data,  die  main  component  of  the  deliydration  product  was  2,2,3,3,5-penta- 
mcthylheptane-4  (VI). 

Dehydration  of  19  g  of  2,2,3,3,4-pentametliyloctanol-4  (III)  gave  17  g  of  the  olefin. 

D.  p.  110-112*  (27  mm),  n”D  1.4534-3.4539,  d”^  0.8056. 

Found  C  85.80,  85.68;  H  14.41,  14.43.  CjjHjc.  Calculated  ^o:  C  85.62;  H  14.38. 

Eight  g  of  the  product  was  taken  for  ozonlzatlor,  as  a  result  of  which  ilte  following  were  formed:  1)  formal- 
deliyde;  2)  propionic  acid,  wliose  silver  salt  was  obtained. 

Found ‘7o:  Ag  57.6,  57.3.  C3H502Ag.  Calculated Ag  59.41.  C4H702Ag.  Calculated ‘/o;  Ag  55.05. 

3)  Methyl  propyl  ketone  0.9  g,  b.  p.  90-120*,  n*°D  1.4015,  2,4-dinitrophcnylhydrazone  m.  p.  142-143*, 
and  4)  a ,a,6 ,6 -tetramcthylbutyric  acid  2.1  g. 

Dehydration  of  4  g  of  2,2,3,3,4,5-hexamethyUiexanol-4  (V)  gave  2.8  g  of  the  olefin. 

B.  p.  197*  (749  mm),  n*°D  1.4519,  0.8160. 

Found  *70;  C  85.71,  85.64;  H  14.32,14.29.  CijH^^.  Calculated  ^o:  C  85.62;  H  14.38. 

Paraffin  hydrocarbons,  obtained  by  hydrogenation  of  the  olefins  indicated  above,  contained  not  only  the 
identified  main  structures,  but  also  admixtures  of  hydrocarbons  of  different  structure;  their  specific  gravities  were 
0.79-0.80  atid  tlicir  freezing  points  below  ~108*. 


SUMMARY 

1.  A  new  mctliod  for  synthesizing  hexamcthylaceionc  was  found:  condensation  of  tert-C4H5Cl  with  methyl 
formate  and  oxidation  of  the  resulting  carbinol  with  cone.  HNO3  (yield  02-657£>,  reckoned  on  tert-C4H9Cl). 

2.  It  was  shown  that  2,2,3,3-tctramcthylpcntanotic-4  is  entirely  converted  to  the  cnol  form  on  reaction 
with  CIlsMgl,  but  reacts  with  alkyllithiums  to  form  tertiary  alcolrols  in  \0-2(flo  yields. 

3.  In  most  cases,  however,  dehydration  of  alcohols  of  tliis  type  over  CUSO4  was  accompanied  by  isomeriza¬ 
tion  consisting  in  migration  of  one  methyl  radical,  the  two  adjacent  quaternary  carbon  atoms  being  unaffected. 

LITERATURE  CITED 

1.  M.  S.  Kharasch,Y.  Cheng-Liu,  and  W. Nudenberg,  J.  Org.  Ch.  19,  1150  (1954). 

2.  F.  L.  Howard,  T.  W.  Mears,  A.F.Fookson,  P.  Pomerantz,  D.  Brooks, and  J.  Research,  Nat.  Bur.  Stand.  38, 

365  (1947). 

3.  P.  D.  Bartlett  and  R.  M.  Stiles,].  Am.  Chem.  Soc.  77,  2806  (1955). 

4.  S.  Barton  and  C.  R.  Porter,  J.  Chem.  Soc. ,2483  (1956). 

6.  H.  D.  Zook,  W.  E.  Surith,  and  I.  L.  Greene,  J.  Am.  Chem.  Soc.  79»  4436  (1957). 

6.  N.  C.  Cooke  and  W.  C.  Percival,  J.  Am.  Chem.  Soc.  71,  4141  (1949). 

7.  A.  D.  Petrov,  E.  B.  Sokolova,  and  Kao  Ch'ing-lang,  Izvest.  Akad.  Nauk  SSSR,  Otdel.  Khim.  Nauk,  871  (1957)? 

8.  P.  D.  Bartlett  and  A.  Schneider,  J.  Am.  Chem.  Soc.  141  (1945). 

9.  F.  S.  Whitmore  and  C.  Lewis,  J.  Am.  Chem.  Soc.  2964  (1942). 

10.  C.  G.  Swain,  J.  Am.  Chem.  Soc.  2306  (1947). 

11.  P.  D.  Bartlett,  S.  Friedmann, and  RJvI. Stiles,  J.  Am.  Chem.  Soc.  1^,  1771  (1953). 

12.  J.  B.  Conant  and  A.  H.  Blatt,  J.  Am.  Chem.  Soc.  51,  1236  (1929). 

13.  Dictionary  Org.  Compds.  [in  Russian]  3,  507. 

14.  H.  Gilman,!.  Bcll,C.  Brannen,  M.  Bullock,  G.  Dunn,  and  L.  Miller,!.  Am.  Chem.  Soc.  Tl»  1499(1949). 

15.  G.  Moersch  and  F.  Whitmore,  !.  Am.  Chem.  Soc.  2033  (1941). 

•  Original  Russian  pagination.  See  C.  B.  translation. 


392 


SYNTHESIS  AND  PROPERTIES  OF  4-ALKYL-  AND  4 , 4  ’  -  DI A  L  K  Y  L - 
BIPHENYLS  OF  COMPOSITION  Cig-Cji  AND  THEIR  HYDRIDES 

E.  ?.  Kaplan,  Z.  I.  Kazakova,  and  A.  D.  Petrov 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 
Translated  from  Zhurnal  Obslichci  Kliimii,  Vol.  30,  No.  2,  pp.  369-376, 
February,  1960. 

Original  article  submitted  February  4,  1959 


In  the  preceding  articles  [1-3]  we  described  the  synthesis  and  properties  of  hydrocarbons  of  the  biphenylyl- 
alkane  (xcnylalkane)  and  the  mono-  and  dialkyldihydrobiphenyl  series.  In  tlie  present  article  tlie  synthesis  and 
properties  of  4-mouoalkyI-  and  4,4'-dialkylbiphenyls  and  their  full  hydrides  are  set  forth.  Hydrocarbons  of  this 
scries  are  usually  prepared  in  two  ways:  five  n-monoalkylbiphenyls  are  prepared  by  reduction  of  alkyl  blphcnylyl 
ketones  [4],  whereas  4,4'-dicthyl-  and  4,4’-diisopropylbiphcnyls  are  synthesized  tlirough  the  Ullmann  reaction 
from  the  corresponding  alkylhalobenzencs  [5]. 

We  synthesized  4,4’-dialkylbiphenyls  by  stepwise  acylation  of  biphenyl  with  acid  chlorides  in  nitrobenzene 
solution,  and  subsequent  reductionof  the  ketone.  A  hydrocarbon  with  a  branched  alkyl  chain,  4,4'-di-(decyl-4*)- 
bi(cyclohexyl)  (XVI)  was  prepared  by  tlie  following  route. 


C3H,CO-<f  _ V-CIl-CoHn 


C3M7 

C5H„-CHr=C-i^  ^-CH-CbHi3 


I 

Call, 
/■ 


Hi 


C3H7 


Cellia-CH-/  N-CH-Callis 

I  \ - /  \ - /  I 

C3H7  C3II7 


(XVI) 


Our  attempts  to  synthesize  hydrocarbons  of  tliis  type  from  4,4’-dibromobiphenyl  were  unsuccessful,  since 
4,4*-dibromobiphcnyl  and  magnesium  gave  a  small  yield  of  di(hromomagncsium)biphenyl,  whereas  the  reaction 
through  the  dilithium  derivative  led  to  a  very  complex  mixture.  The  freezing  points  and  viscosities  of  the  hydro¬ 
carbons  prepared  by  us  (Tables  1  and  2)  were  determined  and  their  infrared  spectra  taken. 

The  freezing  points  of  both  dialkylbiphenyls  and  their  full  hydrides  are  considerably  higher  than  those  of 
monoalkylbiphenyls  [see  hydrocarbons  (I)  and  (V),  (IV)  and  (VI)  in  Table  1,  and  also  (XI)  and  (XIV),  (XV)  and 
(XVI)  in  Table  2].  On  hydrogenation  of  the  biphenyl  rings  tlie  freezing  point  is  lowered  about  50*.  The  freezing 
points  of  hydrocarbons  with  a  branched  alkyl  chain,  i.e.,  hydrocarbons  freezing  in  vitreous  form,  are  practically 
unchanged  after  hydrogenation.  The  viscosities  of  the  hydrocarbons  in  the  20-150*  temperature  range  are  shown 
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Fig.  1.  Viscosities  of 
straight -chain  hydro¬ 
carbons. 


*  c. 


Fig.  2.  Viscosities  of 
branched -chain  hydro¬ 
carbons. 
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Fig.  3.  IR  spectra  of  alkylbiphenyls. 
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Fig.  4.  IR  spectra  of  alkylbi(cyclohexyls). 
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in  Figs.  1  and  2.  From  consideration  of  the  viscosity  curves  it  may  be  seen  that  tlie  viscosity  indices  for  mono 
and  dialkylbi(cyclohcxyls)  arc  very  nearly  the  same. 


The  infrared  absorption  spectra  were  taken  in  the  5-15p  region  with  an  IKS -12  spectrometer  having  a  NaCl 
prism.  Liquid  compounds  were  investigated  in  pure  water,  in  a  layer  100  ^  tliick;  solid  ones  were  investigated  In 
pressed  KDr  (20  mg  of  the  substance  in  2  g  of  KBr,  disc  tliickness  1.2  mm).  The  spectra  arc  shown*  in  Figs.  4-6 
in  optical  density  units. 

•The  IR  spectra  were  taken  by  V.  A.  Shlyapochnikov;  for  tltis  the  authors  express  their  sincere  thanks  to  him. 
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TABLE  2 


Hydrocarbons  of  the  4-mono-  and  4,4’- 

Temperature  of 

0  A  tj 

boiling 

(pressure 

.E  3 

000 

55  0  tx 

dialkylbi(cyclohcxyl)  scries 

freezing 

■  liliiliilMI 

(IX) 

130®  (3) 

—52® 

4-Butylbi(cyclohexyl) 

<X) 

186—18  (9) 

—3—10 

4-IIcxylbi(cycIohexyl) 

(XI) 

^  ^  CsIIi? 

190-193  (5) 

—  12 

4-Octylhi(cyclohcxyl) 

(XII) 

C4ii9-<( 

170-172  (3) 

—7 

4,4*-Dibutylbi(cyclohexyl) 

(Xllf) 

C7ll,5-<^  )>y  )>-(<7llir. 

205—206  (5) 

—10 

4,4'-Dihcptylbi(cyclohexyl) 

(XIV) 

c8iii7-<^  ysiin 

240—242  (5) 

—3 

4,4*-Dioctylbi(cyclohexyl) 

(XV) 

)>-C  1 1  -C„  1 1 

195—196  (3) 

—35 

glass 

C3II7 

4-(Decyl-4’)-bi(cyclohcxyl) 

(XVI) 

ColI,3-CII-(^  Vcil-Cclln 

1  \ - /  N - /  1 

240-242  (2) 

1 

-18 

glass 

C3 1 1 7  C3 1 1 7 

4,4*-Di-(dccyl-4'')-bl(cyclohexyl) 

1 

d." 

0.8789 

1.4780 

0.8704 

1.4783 

0.8718 

1.4770 

0.8721 

1.4775 

0.8754 

cc 

0.8709 

1.4785 

0.8774 

1.4810 

0.8780 

1.4820 

EXPERIMENTAL 

I.  Synthesis  of  4, 4*-dibiuylbi(cyclolicxyl)  (XII).  1)  4*Biplicnylyl  Propyl  Ketone.  Into  a  round- bottom 
flask,  provided  with  a  stirrer,  reflux  condenser,  and  Oiermomcter.  were  put  11  g  of  biplienyl,  270  ml  of  dry  nitro¬ 
benzene,  and  55  g  of  butyryl  cliloride;  then  80  g  of  AICI3  was  added  in  5-7  g  portions  at  a  temperature  between 
—2*  and  —5*.  On  die  next  day  the  complex  obtained  was  decomposed  with  very  dilute  hydrochloric  acid,  ilte  mix¬ 
ture  being  cooled.  The  upper  layer  was  separated,  and  dried  with  CaClj.  The  niuobenzene  was  driven  off  in 
vacuo  and  tlic  ketone  tlien  distilled  at  170-171*  (3  mm).  There  was  obtained  37  g  of  the  ketone,  m.  p.  94".  The 
ketone  semicarbazone  had  m.  p.  193*. 

Reduction  of  4-niplienylyI  Propyl  Ketone.  A  120  g  quantity  of  zinc  turnings  amalgamated  beforehand, 

75  ml  of  water,  100  ml  of  toluene,  50  g  of  the  ketone,  and  175  ml  of  hydrochloric  acid  were  put  into  a  flask.  The 
reaction  began  immediately.  The  reaction  mass  was  stirred  at  the  boiling  point  for  30  hours.  At  7-hour  intervals, 
75-ml  portions  of  hydrochloric  acid  were  added.  Then  the  toluene  solution  was  separated  and  the  water  layer  ex¬ 
tracted  with  ether.  The  ether  and  toluene  solutions  were  combined,  washed  with  water,  and  dried  with  CaClj. 

The  solvent  was  driven  off  and  the  hydrocarbon  distilled;  b.  p.  200*  at  3  mm.  The  hydrocarbon  quickly  crystal¬ 
lized.  There  was  obtained  35  g  of  4-butylbiphenyl  (I),  m.  p.  7*. 

3)  Hydrogenation  of  4-Dutylbiphcnyl.  Twenty  g  of  the  butylbi  phenyl,  100  ml  of  dimetliylcyclohexane,  and 
2  g  of  Raney  Ni  were  put  into  an  autoclave.  The  initial  hydrogen  pressure  was  100  atm  and  the  hydrogenation 
temperature  180*.  There  was  obtained  16  g  of  4-butylbi(cyclohexyl)  (IX). 

The  acylation  of  the butylbiphenyl,  reduction  of  4-butyl-4'-butyrylbiphcnyl,  and  hydrogenation  of  4,4*-di- 
butylbiphenyl  were  carried  out  under  conditions  similar  to  those  described  above.  The  rest  of  the  alkylbiphenyls 
with  straight  alkyl  chains  were  prepared  under  identical  conditions.  The  properties  of  ketones  obtained  in  other 
syntheses  are  given  in  Table  3. 


396 


jun,  1 

Viscosity  (in  stokes)  | 

Found  00)  1, 

Calculated  (7" 

calc. 

found 

20* 

50» 

too* 

ISO* 

C 

II 

c 

U 

71.69 

71.63 

0.1065 

0.0440 

0.0168 

0.0113 

86.30,  86.46 

13.54,  13.50 

C10H30 

86.40 

13.59 

80.92 

80.94 

0.1661 

1 

0.0639 

0.0227 

0.0127 

j 

1  86.28.  86.37 

13.61,  13.61 

Cl8^*34 

j 

86.31 

13.64 

90.16 
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0.2210 

0.0795 

0.0269 

0.2726 

86.28,  86.07 

13.68,  13.87 

C20II38 

86.25 

13.64 

90.16 

90.32 

0.2726 

0.0932 

0.0281 

0.0142 

86.11.  86.13 

13.85,  13.19 

^20^*38 

86.25 

13.75 

117.85 
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0.6614 

0.1936 

0.0495 

0.0216 

85.18,  85.36 

1.3.92,  13.63 

^26^*  50 

86.05 

13.88 

127.1 
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0.6692 
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0.0511 

0.0232 

85.93,  85.83 

13.87,  13.93 

C28H54 
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13.94 

1 
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0.1661 
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IR  spectra  of  dialkylbi(cyclohexyls). 
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II.  Synthesis  of  4,4*-Di-(decyl-4*)-bi(cyclohexyI) 
(XVI).  1)  4-(Dcccn-4*-yl-4")-biphcnyl.  To  the  hexyl- 
magnesliiin  bromide  prepared  from  12  g  of  magnesium 
and  87  g  of  hexyl  bromide  in  250  ml  of  ether,  113  g  of 
propyl  biphenylyl  ketone  was  added  in  portions  at  25-30*. 
The  reaction  mass  was  stirred  for  5  hours  at  40-45*.  The 
complex  was  decomposed  with  dilute  HCl.  After  tlic  usual 
treatment  and  solvent  removal,  135  g  of  a  product  boiling 
within  a  15*  range  (190-205*  at  3  mm)  was  obtained. 
According  to  analytical  data,  this  material  was  a  mixture 
of  an  olefin  and  an  alcohol.  In  order  to  obtain  pure  4- 
(decen-4'-yl-4*)-biphcnyl  the  ntixture  was  dehydrated 
with  CH3COOH  and  112804  [G].  The  liydrocarlxin  obtained 
was  distilled  over  sodium. 

B.p.  192-193*  at  3  mm,  n*®D  1.5688,  d”4  0.9545. 

Found  C  90.09;  90.12;  H  9.39,  9.64.  C22H28* 
Calculated ‘7o:  C  90.41;  H  9.59. 

2)  Hydrogenation  of  a  Double  Bond  In  tlie  Chain. 

A  1 -liter  autoclave  was  charged  witli  IIG  g  of  the  hydro¬ 
carbon  obtained,  250  ml  of  dimetliylcyclohexanc,  and 
6  g  of  Raney  Ni.  The  initial  pressure  was  80  atm  and 
the  hydrogenation  temperature  60-70*.  There  was  ob¬ 
tained  105  g  of  4-(decyl-4*)-biphenyl  (VII). 
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TABLE  3 


Ketones 


Temperature  of 


boiling 
(pressure  in 
mm) _ 


melt¬ 

ing 


melting  of  2,4- 
dinitrophenyl- 
hydrazoncs 


’^-CO-C7Hi5 


_ ^-CO-Csll,, 

Amyl  biphcnylyl-4  ketone 

4  V<'~^-C0-C.1I  „ 

Hexyl  blphenylyl-4  ketone 

<3-« 

Heptyl  biphenylyl-4  ketone 

Propyl  4’-butylbiphenylyl-4  ketone 
C7His-<^  ^-<f~^-COCoHi3 
Hexyl  4*-heptylbiphenylyl-4  ketone 

Heptyl  4*-octylbiphenylyl-4  ketone 


193  0(3) 


200  (3) 


200-2  (4) 


950  1520 


86 


100 


105 


106 


110 


110 


130 


Hydrazone 
m.  p.  80* 

115 


98 


B.  p.  193-194*  (3  mm),  i/|o  •  0.4146  st.,  i/go  *  0.1022  st.,  i/joo  *0.0269  st.,  1/150  *  0.0142  st. 

3)  4-(Decyl-4*)-bi(cyclohcxyl)  (XV).  The  autoclave  was  charged  witli  110  g  of  (VII),  200  ml  of  dlmethyl- 
cycloliexane,  and  10  g  of  Raney  Ni.  The  initial  pressure  was  125  atm  and  the  hydrogenation  temperature  220-250*. 
There  was  obtained  105  g  of  the  naphtlienic  hydrocarbon. 

4)  4-Butyryl -4* -(decyl-4*)- biphenyl.  To  a  cooled  mixture  consisting  of  40  g  of  4-(decyl-4')-bIphenyl  (VII), 
29  gofbutyryl  chloride,  and  100  ml  of  nitrobenzene,  42  g  of  AICI3  was  added  in  portions  at -5*.  On  the  next  day 
tile  complex  was  decomposed  with  very  dilute  HCl.  Further  treatment  was  the  same  as  in  the  experiment  of  propyl 
blphcnylyl  ketone  preparation.  There  was  obtained  21  g  of  propyl  (4‘-decyl-4")-biphenylyl-4  ketone,  b.  p.  262-264* 
(3  mm). 

Found  C  85.43,  85.70;  H  9.60,  9.73.  CieHjgO.  Calculated  "yo;  C  85.65;  H  9.95. 

2,4-Dinitrophenylhydrazone ,  m.  p.  100*. 

Found N  10.44,  10.64.  C32H4o04N.  Calculated  "/o:  N  11.00. 

5)  4-(E)ecyl-4*)-4*-(decen-4**-yl-4**)- biphenyl.  To  the  hexylmagnesium  bromide  prepared  from  2  g  of 
Mg  and  14  g  of  hexyl  bromide,  21  g  of  propyl  (4'-decyl-4*)-bIphenylyl-4  ketone  was  added  under  the  conditions 
of  synthesis  of  (VII).  Nineteen  g  of  the  hydrocarbon  was  obtained. 

B.  p.  243-245*  (3  mm),  Ujo  5.822  st.,  1/50  0.6645  st.,  Uioq  0.866  st. 

6)  Hydrogenation.  The  autoclave  was  charged  with  18  g  of  4-(decyl-4*)-4'-(decen-4*-yl-4**’)-bIphenyl, 

100  ml  of  dimcthylcyclohcxane,  and  6  g  of  Raney  Ni.  The  initial  pressure  was  110  atm  and  the  hydrogenation 
temperature  220-250*.  Fifteen  g  of  hydrocarbon  (XVI)  was  obtained. 


SUMMARY 


1.  4-Alkyl-  and  4,4*-dialkylbIphenyls  with  the  alkyl  chains  C4H9,  C^His,  C7H15,  CsH^  and  C5H11-CH- 
were  synthesized.  ^  | 


CjH, 


•  Found  %:  C  85.70.  85.56;  H  8.72,  8.61.  CjoH240.  Calculated ‘7o:  C  85.71;  H  8.57. 

••  Founder  C  85.03,  85.11;  H  10.11,  10.15.  C28H40O.  Calculated ‘To;  C  85.65;  H  10.27. 
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2.  The  alkylblphenyls  obtained  were  hydrogenated. 

3.  The  freezing  points  of  the  hydrocarbons  obtained,  as  well  as  their  viscosities  at  various  temperatures, 
were  determined  and  tlieir  IR  spectra  taken. 
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ADDITION  OF  HYDRIDE  SILANES  TO  A  L  K  EN  Y  LBE  N  ZE  N  E  S  IN  THE 
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Original  article  submitted  March  2,  1959 


Earlier  we  published  [1]  the  results  of  investigations  of  the  preparation  (by  the  Friedel-Crafts  reaction)  of 
aromatic  organosilicon  monomers  with  the  aromatic  ring  in  various  positions  relative  to  the  silicon  atom.  The 
starting  materials  for  tJiis  synthesis  were  chloroalkylchlorosilanes,  the  method  of  whose  preparation  imposes  definite 
limitations  on  the  possibilities  of  syntliesis,  especially  in  the  case  of  Cs  and  higher  alkyls. 

It  proved  to  be  much  simpler  and  more  feasible  to  prepare  RxCls-xSIfCHjlfiCgHs  monomers  with  n  =  2  or 
more  through  the  addition  of  hydride  silanes  to  alkenylbenzenes.  The  addition  of  hydride  silanes  to  styrene  in 
the  presence  of  peroxides  was  unsuccessful  owing  to  polymerization  of  the  styrene  [2]  or  telomerizatlon  of  the 
latter  with  the  hydride  silane  [3].  The  addition  of  hydride  silanes  to  styrene  was  successful  when  a  mixture  of 
the  latter  was  heated  in  an  autoclave  at  200*  with  a  97o  Pt/C  catalyst  [4],  and  at  atmospheric  pressure  when  a 
hydride  silane  was  mixed  with  styrene  at  90*  In  the  presence  of  0.067o  Pt/C  [5].  The  method,  which  we  used  in 
the  present  investigation,  of  addition  of  hydride  silanes  to  styrene  at  atmospheric  pressure  in  the  presence  of  a 
0.1  M  2-propanolic  solution  of  chloroplatinic  acid  as  catalyst  also  proved  simple  and  convenient. 

Until  our  investigation,  no  one  had  carried  out  the  addition  of  hydride  silanes  to  propenyl-  and  butenyl- 
benzenes.  Trichlorosilane  adds  very  smoothly  (with  25- 6Cf7o yields)  to  styrene,  allylbenzene,  and  y-butenyl- 
benzene;  in  all  three  cases  only  one  isomer  was  formed  as  a  result  of  the  reaction,  the  txichlorosilyl  group  adding 
to  the  end  carbon  atom. 


H  ptn 

C:,H6{CH2),CII=Cn2+  C8H5(CH2),Cn2CH2SiCl3. 

ns=  0.  1,  2. 


Methyl-  and  ethyldichlorosilanes  added  to  these  same  alkenylbenzenes  with  even  better  yields  (567»  or 
more).  The  essential  difference  in  this  case  was  the  formation  of  two  isomers  according  to  the  following  scheme: 


,-*►  C«H5(CH2)»CHSiRCl2  (I) 


CeH5(CH2),Cn=CM2  +  nSiHCl2 


H,PtC1, 


CHs 


CeHr,(CH2)„CH2CH2SinCl2  (II) 


As  a  rule,  four  to  six  times  as  much  of  isomer  (II)  was  formed,  as  of  Isomer  (I).  The  results  obtained  are 
given  in  the  table.  The  Raman  spectra  of  the  compounds  obtained  were  taken.  The  Raman  spectra  of  all  sub¬ 
stances  Investigated  contain  lines  characteristic  of  monosubstituted  aromatic  compounds  [6]:  in  the  625,  1005, 
1035,  1150-1210,  1605,  and  3050  cm"^  regions.  The  spectra  of  compounds  with  a  straight  chain  between  the  Si 
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atom  and  the  ring,  of  the  type  7Si(CHi)nCeH5  (n  =  1,2,3, 4)  have,  like  monoalkylbenzenes,  two  lines  In  the 
1180-1210  cm'^  region:  around  1185  and  1207  cm  *,  whose  wave  numbers  and  intensities  do  not  depend  on  the 


chain  length.  In  the  spectra  of  branched -chain  compounds  of  the  type  ^SiCII(Cll2),CgIl5 


,  Instead  of  these 


CII, 


n  =  0.l.2 


two  lines,  only  one  is  observed;  its  wave  number  and  intensity  are  determined  by  the  number  n:  as  n  Increases, 
tlie  wave  number  of  this  line  decreases  (at  n  =  0,  t/  is  about  1200  em'S  at  n  =  1,  i/  is  about  1195  cm’^;  at 
n  =  2,  1/  is  about  1188  cm'^)  and  the  Intensity  increases.  Moreover,  the  intensity  of  the  1585  cm"*  line  (in  com¬ 
parison  wlili  that  of  the  adjacent  1605  cm"*  line)  in  the  spectra  of  branched -chain  compounds  is  one-half  to  one- 
third  that  for  straiglit-chain  compounds,  whereas  the  1585  cm  *  line  Is  entirely  absent  in  the  spectra  of  certain 
substances,  e.g.,  (CH3)3SiCIIC6H5. 


CH, 


On  comparison  of  the  Raman  spectra  of  monoalkylbenzenes  [6]  having  radicals  of  normal  (CjHgCjHs* 
n-C3H7C6H5,  n-C4H9C(^l5)  and  "iso*  structure  (iso-CsHTCfiHs,  sec-C4H9C6H5,  iso-C4HgC6H5),  with  the  spectra  of 
the  compounds  prepared  in  the  present  investigation,  we  did  not  find  such  differences.  On  this  basis  It  may  be 
assumed  that  the  noted  phenomena  are  specific  for  the  phenylalkyl  radical  bound  to  silicon,  and  may  be  used 
as  analytical  criteria  for  distinguishing  phenylalkyl  radicals  with  straight  and  branched  chains  In  organoslllcon 
compounds.  The  presence  of  die  very  weak  line  near  1180  cm"*  in  tlie  spectra  of  compounds  8,  9,  and  10  Indicates 
an  admixture  of  of  a  plienylalkylsilane  with  a  straight  alkyl  chain.  The  Raman  spectra  of  the  compounds  ob¬ 
tained  are  given  below.  The  specua  were  taken  witli  a  domestic  ISP-51  instrument  having  a  medium  camera. 
Intensities  are  given  on  a  10-step  visual  scale. 


1)  (Cll3),SiCn,ClI,C«lU.  150  (4),  172  (0),  1%  (4),  227  (4),  240  (2).  302  (3  iii),  495  (4), 
556  (4),  582  (4),  615  (6),  624  (3),  673  (2),  605  (4m).  755  (Our),  814  (1),  810  (4),  842  (2), 
860  (3),  000  (2),  1005(10),  1034  (5),  1110  (0),  1158  (4),  1182  (3),  1207  (6),  1253  (2), 
1264  (2),  1416  (4),  1456  (2),  1588  (3),  1607  (6),  2850  (2ur),  2002  (10),  2060  (8),  301  (i), 
3038  (3).  3055  (5),  3067  (5). 

2)  ((’Jl,)3Si(:H,CMX,H,.  152  (4),  174  (3),  304  (3),  495  (4m),  551  (6),  590  (4iii), 
625  (3).  772  (3),  807  (S)",  818  (.5),  805  (1),  010  (2),  075  (4),  1006  (10),  1018  (2),  1033  (5), 
1100  (3m),  1162  (4),  1180  (3),  1207  (5),  1235  (4),  1400  (4),  1465  (5iit),  1589  (3),  1609  (7) , 
2885  (8m,  nn.),  2005  (4),  2018  (4),  2058  (5),  3040  (3),  3054  (6),  3067  (5). 

3)  (Cil,i),(:Jh,Si(:iLCllX«llv  548  (O).  605  (4).  627  (2),  674  (1),  048  (1),  977  (0), 
1002  (10),  I03r(5),  1052(0),  1161  (2),  1184  (2),  1210  (4),  1253  (2m),  1467  (0),  1583  (2), 
1601  (6).  2880(7).  2000  (7),  2051  (6),  3043  (5). 

4)  ll,,SiCIl..(:iI..('.,ll,.  167  (3),  200  (4m).  277  (2),  485  (3m).  562  (2),  616  (5  An.), 
648  (0),  (i07  (2m),  "732  (2),  7.58  (3),  824  (4).),  046  (5m).  1002  (10),  1031  (5),  1159  (3), 
1182  (3),  1206  (5),  1325(2),  1410  (3),  1452  (2m).  1584  (2),  1600  (4p),  2152  (10m),  2853 
(3m),  2805  (5),  2018  (3m).  .3035  (4).  30.50  (8),  3065  (6). 

5)  (CIl.jCLSiClIXIIor.nlls.  186(2iir).  215  (3m).  240  (Im),  262  (Om),  290  (Im),  320 
(Om),  408  (2),  430  (2).‘466*(8m),  532  (Im).  574  (liir),  625  (4p),  668  (2m),  703  (Im),  753  (Oin), 
814  (2),  8.38  (1),  851(1),  005  (Om),  1009  (10),  1010(5),  1161  (.3),  1186(2),  1210  (5in), 
1270  (Om),  1205  dm),  1337  (Om),  1410  (4m),  1459  (2m),  1586  (2p),  1604  (10),  2907  (10), 
2080  (4).  3('52  (10),  .3068  (8). 

6)  ((MI,)(:i,SiCnxnX*Hs.  148  (1),  174  (O),  2.33  (O),  200  (2m),  406  (0),  463  (5iu), 
570  (0),  624' (.3p),  71  r(0),'  748  (1),  820  (4m),  003  (0),  077  (0),  1008  (10),  1037  (5),  1159 
(2m),  1181  (2m),  1200  (3),  1407  (2m),  1462  (2m).  1584  (1),  1605  (6),  2884  (6m),  2921 
(4  o'l.  m),  2060  (2m),  .3004  (1),  3058  (4  om.  hi). 

7)  (C:il3)3SiCIICGH5.  300(lm).  446(3),  583  (1).  622(9),  6.39(2),  689(1),  712(3ni), 

I 

CM, 

763(1).  706(1).  81.3  (2),  862(2),  876(0),  985(0),  1002(10),  1035(6),  lllO(Om),  1160(4), 
1200(7m),  12.50(1m),  1276(0),  1411  (3),  1450(2),  1607  (10),  2870(3),  29,)0(10),  2956(10), 
3(H)0(1).  30.35(2111),  ,30.58  (8m). 

8)  (Cil3)2C2lIr,SiCIIC6llv  438(0m),  480(lm),  .556(1),  5.88(4m),  622(2),  687(1). 

I 

CM., 

8.38(lm).  001  (Om).  942(1),  970(1),  1002(10),  1031(5)  1105(0m).  11.58(2).  1182  (0>, 

1203  (.5m),  12.55(0).  1204(1),  141 1  (4m).  14(;0  (3m).  1.584  (0),  16  »2  (8),  2876  (7),  29 JO  (8), 
2954  (7),  .3000(0),  .3)60(2). 

9)  llaSiCIICfill.,.  170(2),  410(.3m),  485(2),  622(5),  650(2),  701  (3m),  771  (2),  792  (3). 

CM, 

941(4),  064  (2),  1003  (10),  10.37  (.5),  1115(0),  1161  (Im).  118.3(0),  1202  (4m),  1272  (0). 
1.388  (Om),  14.50  (Im),  ICOl  (8).  2150  (lOui),  287.3  (4),*  2883  (2),  2030(3),  2060(4),  3030(2). 
3051  (6).  .3063  (6). 
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Chloro- 

sllanc 


Aromatic 

compound 


Compound  obtained 


USiCI, 

IISICU 

HSICI, 

•CUtSiHCI, 


•CHiSIlICl, 


•CU^IHCI, 


<\H4SIHCI, 


C,H.S1HCI, 


•CiHtSlHCU 


C,H,CH=CH, 

C.II.Cn,CH=CH, 

C,H,CH,CH,CH=Cn, 


C,H,CH=CH, 


C,H.Cn,CH=CH, 


c,H»cH,CH,cn=cn, 


C,H.CH=CH, 


C,H,CH,CH=CH, 


pres  sure 
I  in  mm) 


C,i:,CH,CH,CH=CH, 


C8H5CH2Cn2SiCl3 

0  ■  Phenyleiliyltrichlorosilane 

61.8 

73®(2.5) 

1.5184 

CollsCHjClizCJIaSiCIa 
y  -Phenylpropyltrichlorosilane 

42.4 

no  (10) 

1.5140 

CeU:,Cll2Cn2Cll2Cll2SiCl3 

6  -Phenylbutyltrichlorosilane 

24.3 

117  (6, 

1.5114 

CeHjCHSiCIlaCIa 

1 

CII3 

[a  ,a  -Phenylmethylmethyl)me- 
ethyldichlo^osllane 

12.9 

64  (2) 

1.5183 

C6H5CH2CH2SiCl2Cll3 

6-Phenylethylmethyldi" 

chlorosilane 

50.0 

68  (2) 

1.5120 

CeHjClIzCHSiClaCHa 

1 

CH3 

(a  ,a  *Benzylmethylmethyl)- 
methyld^chIoros^  lane 

7.5 

104.5  (9) 

1.5152 

CflHr,Cll2CH2CH2SiCl2CH3 

y-Phenylpropylmcthyldi- 

chlorosilane 

50 

119.5  (9) 

1.5102 

CeHiCHaCHaCHSiCIaClIa 

CH3 

(a  ,a,'Metbyl-(6-phenylethyl)- 
me  thy  l]mcthyldichlorosi  lane 

9.7 

111.5 

(6) 

1 

1.5124 

CnH.-,CIl2Cn2Cn2Cn2SiC!2CM3 

6  -Plienylbutylmethyldi- 
chlorosilane 

61.9 

129—1.30 

(10, 

1.5067 

CellsCHSiCIzCalls 

1 

CHs 

(a  ,a  -Metliylphenylmethyl)- 
ediyldlcnlorosilane 

16.3 

98'’(7) 

1.5160 

C6Hr,CH2CH2SiCl2C2ll5 

P  -Phenylethylethyldichlorosilane 

40.3 

106  (4) 

1.5095 

CeHsCHaCHSidzCzHs 

1 

CH3 

(a  ,a  -  Methylbenzylmcthyl)* 
ethyldichlorosilane 

8.0 

105  (5) 

1.5160 

C6lIoCH2Cll2C!!iSiCl2C2H5 
y  -Phenylpropyletliyldichloro- 
silane 

57.0 

114  (5) 

1.5103 

CeHgCHiCHiCHSiCliCiHg 

1 

CH, 

[a,a-Methyl-(6  -phcnylethyl)- 
methyljethyldicnlorosilane 

9.2 

124  (7) 

1.5135 

C8H:,cn2CH2CH2cn2Sici2C2n5 

6  -Phenylbutylethyldichloro- 
silane 

61.0 

147.5  (6) 

1.5078 

Mn,  Found  (^)  ...  ,  Calculated  C^) 

_ _  Molecular  _ _ 

found  Icalc.  c  I  h  1  si  ci  formula  q  h  i  si  I  ci 


1.2386  88.59  SS.O'i  —  _  _  _  CgHoSiCIa  _  _  _  _ 

1.2239  02.32  62.07  42.55.  4.43,  11.13,  41.00,  CoHuSiClj  42.02  4.34  11.05  41.97 

42.82  4.54  11.57  41. .58 

1.1957  07.09  67.30  —  _  _  _  CioHnSiCIa  _  _  _  _ 


1.1301  58.44  58.41  - 


-  -  -  CoH.zSiClj  _  _  _  _ 


1.1311  58.10  58.41  - 


-  -  CoHizSiClj  - 


1.1105  62.78  63.04  — 


-  -  -  C,oll,«SIClj 


1.1090  62.83  63.04  — 


-  -  C,oH,4SiCl2  -  -  -  - 


1.0970  07.01  07.47  53.51.  0.45.  11.19,  28.05,  CnllieSiClz  53.46  6.47  11.34  28.71 

53.36  0.59  11.30  28.50 


1.0925  07.25  07.47  53..59.  0.37,  11.20.  28.39,  C,iHi6SiCl2  53.40  6.47  11.34  28.71 

53.63  0.36  11.36  28.39 

1.1218  02.73  03.04  51.55,  0.04,  12.20,  30.27,  C,oHi4SiCl2  51.52  0.01  12.02  30.44 

51.71  0.07  12.12  30.17 


1.1149  62.45  63.04  52.11,  6.10,  11.27,  29.05,  C,„ll,4SiCl2  51.52  6.01  12.02  30.44 

52.30  6.15  11.17  29.55 

1.1000  67.43  07.07  53.62.  0.44,  11.01,  28.83,  C,,Hi6SiCl2  53.40  0.47  11.34  27.71 

53.60  6.35  11.55  28..59 


1.09!>.3  07.23  67.07  — 


-  -  C„II,eSiCl2  -  -  -  - 


1.0883  72.10  72.30  5.5.24,  0.78.  I  10.42.  20.98.  CjzMisSiClz  55.19  0.89  10.73  20.79 

55.33  6.89  10.88  27.16 


1.0837  71.79  72..30  55.27,  6.89,  10.47,  27.45,  Ci2Hi8SiCl2  55.19  0.89  10.73  26.79 

55.32  6.93  10.59  27.30 
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iO)  (Cn3)Cl2SiCIlCcn5.  18‘'i(lni),  215  {2ui),  202  (liu),  301(0),  319(0),  410  (2m), 

C II 

433(4)  470(3o-i.ni).  527  (Im).  571(1).  020  (3p).  008(2.5).  757(0),  700  (0).  824  (Ini), 
908(0  UK)(;(10).  1011(4).  1102(1),  1180(0).  110n(7m).  1200  (0),  12i;8  (0).  1207  (0.5), 

1330(0),  1405(1111),  1450  (2ui),  1582  (1),  1002(8),  2873(2),  2900  (4),  2935  (1),  2973  (4ui), 

3^’^ir)'(C2lIr,)Cl2SiCIlCcH5.  148(3),  101  (2iii),  245(1  om.  m),  303(1).  333(1),  309(0), 

CHi 

428(4ni)  472  (3om.  in).  521(1.5iii).  577  (1m).  025  (3p).  050(0).  082(0).  702(0),  774  (1nT), 
802  2iii)’  828(1),  850(0),  980(0).  1007  (10),  1080  (4|.).  lOltO  (Om).  1  102  (2p).  1 200  (4m), 
1406  (liii),  1402  (2.5m).  1584  (0,5),  1003  (!'),  2870  (Gm),  2033  (iim),  2972  (3m), 

^^’\^2MCn,)-,SiCIU:if,Cn..C,IU.  147  (1).  2in(3iii).  20n(2in),  200  (I),  501  (Om), 

565  (2iii),  011(8110.  024(2),  007  (liii),  753  (2iir).  701(0).  831(1),  850(0),  1008  (10). 
1037  (5),  1158(2),  1183(0).  1-<''7  (5).  1204  (0).  1347  (1).  1411  (2in).  1443  (2m),  1582  (2). 
1605  (7),  2857  (lin),  2805  (lOin),  2023  (1).  2055  (Sin),  3001,  3050  (Oiii). 

13)  ((:jll.s)nSi(:lL(:iI.,C:il.^(:jls.  148  (2),  r.50  (Im),  .580  (2),  022  (3p),  748  (0).  774  (  ), 

829  (2).  002  (1),  074*(l).‘070  (1),  1003  (1<>).  1033(5),  1110  (dm),  1100  (2),  1186  (1), 

1210(4),  1225  (I),  1205  (d).  1347  {Ow),  1410  (2m).  1441  (Im),  1402  (4m),  1580  (2),  1601  (7), 
2875  (10),  2905  (8),  2933(8),  3003  (1),  3055(7111).  „  ,  /o  x  oqt  /ix 

14)  CLSiCII,cn,(:il,C„ll.s.  148(1).  1(;7  (4),  185  (2in),  231  (2m).  255  (2m),  287  1), 

422  (Om).  462  (5)‘  474  {2ni),  408  (Im),  561  (Im),  585  (Om),  624  (4p),  7()0  (tm),  780  (2p), 
837  (2),  930  (1),  1008  (10),  1036  (7),  1159  (2),  1184  (Im).  1208  (4),  1232  (0),  1276  (0), 
1297  (0),  1356  (1  on.  Ill),  1389  (Om),  1403  (Om),  1444  (2  on.  m),  1.584  (1),  160j  (8). 

2861  (2m),  2888  (3),  2921  (4  on.  irt),  2983  (0),  3001  (1),  3056  (10  on.  m). 

15)  (GH3)3SiCIICHaC8H5-  150(1),  195  (Om).  244(0),  278(0),  359  (2p),  431  (Om), 

CH3 

512(0),  566(1),  617  (Op).  025  (2p),  008  (2in).  753(1),  794(1),  847  (lin),  1003(10),  1040  (2p). 
1057(1),  1085(0),  1125  (0).  1 158  {2m),  1107(5),  1242(0).  1412(1),  1452(2),  1.580(0), 

1602(7),  2.S54(lm).  2000  (Oui).  2931  (Im),  295!>  (Om),  30.57(0), 

*6)  (CaiyClaSiClICllaColIs.  153(1).  172(1),  244(2m),  296(1).  318(2),  369(1), 

CHa 

406(1).  427(2111),  478  (  Im).  022  (3p).  075(0),  703(0),  728(0),  703(0).  787(1),  850(2). 
900(1),  9.30(0),  1007(10).  1025(0).  1040  (5p).  1035  (1),  10)5  (1).  1135(0),  1159  (4iu), 
1193(9111),  1240(1),  1289(0),  14.53  (3  on.  m,  ;id),  1580(1),  1601  (9),  2878  (4  on.  m),  2931  (6m), 
2970(4m).  .301)3  (0),  3059  (7m). 

t7)  (CH.i)nSiCM2ClljClI.,cn2CBll5.  140  (1).  174  (Im).  207  (3m).  549  (0),  572  (1). 

591  (1),  609(7),  020  (2p).  0!t9(3m).  750  (Om).  818  (2m),  803(0),  982(0),  1008(10), 
1037(5),  1159(2),  1184  (1),  1207  (.3ni).  1253  (Om),  1300  (0),  1345(0),  1413  (2m),  1442  (2ni), 
1584  (2),  100.5  (7),  2854  (Om).  2895  (lOm),  2928  (dm).  2957  (8m).  30  )2  (1),  3051  (Hm). 

18)  (Cll3)CljSiClIXlLClI,Cn,C,llj.  1.52(2),  208  (1),  353  (0),  470  (3iii),  .536(0111), 
590  (0),  627  (3p),  651  (0).  709  (2m),  755  (2m).  811  (1),  .826  (2),  878  (0),  1003  (10),  10.36  (.5), 
nil  (0),  1163  (1),  1182  (1),  1209  (3).  1404  (2m).  14  40  (2m),  1584  (2),  1005  (5),  2857  (2m), 
2906  (8),  2933  (2),  2975  (2iii),  3003  (1),  3000  (3iii). 

19)  (Cjlls)CI,SiClI,Cn,Cn,CII„CJl5.  15t  (l),  168  (0),  216  (1),  275  (0),  316  (Om), 
422  (Om),  479  (4  on.  Ill),  543(0),  592  (0),  025  (3p),  074(0),  709  (0),  700  (2),  780  (0), 
825  (2,  Siir),  840  (0),  98.3  (0).  1008  (10),  1030  (0),  1159  (2),  1185  (2),  1206  (2,  5),  1309  (0), 
1343  (0),  1407  (1111),  1444  (2),  1461  (1),  1583  (2),  1605  (6),  2850  (2),  2886  (6),  29.57  (2), 
3007  (0),  3037  (2),  3000  (0). 

20)  (Cll3)Cl2SiGHCIl2CH2C0H5.  152  (4m),  205(lm).  226(3),  262(2),  331  (1),  346(2), 

CH3 

410  (Ira),  469(3iii),  491  (2in).  .530(2iii),  572  (Im),  624  (3p),  699  (2iii),  709  (2iii),  747  (Ooi), 
774(0),  837(2.5).  .S9n(l.in),  1007  (10).  1037  (.5),  10.52(2),  1079  (0),  1 1,56  (4iii).  1 187  (9), 
1214(1),  1201  (0),  1303  (0).  1344  (0),  1407  (1).  1445  (4m).  1583(1),  1001  (9),  2804  (4m), 
2907(8),  2934  (3111).  2972  (4m).  .3000  (8). 

21)  (C2n5)Ci2SiGllCll2Cll2Coll3.  1.50(2).  172(0),  214  (Om).  245  (Im).  275  (0),  31 6  (2m) 

CII3 

404(1),  467(2on.  m).  53S(1m).  .583  (Om),  025  (3p),  776(1),  821  (2iu),  1007(10),  10.39(4), 
1056(0),  1079(0),  11.58(5),  11.89  (8).  1218(0),  1449  (1  on.  iii),  1405  (Ion.  m).  1581(0), 

1602(8),  2.805(0),  2881  (li),  2990(2),  2937  (8),  2904  (4),  .3007  (1),  3058  (0). 

22)  (Cll3)3SiClIX,ll,.  182  (10).  217  (2),  2.35  (4),  288  (.3),  340  (1),  421  (2iii),  474(5), 
556  (2).  605  (10),  624  (4).  080  (2),  097  (4).  740  (2).  775  (3),  809  (4),  814  (3).  844  (3),  8.58  (3), ' 
908  (2),  1002  (10).  10.33  (.5),  1112  (2m),  11.58(5),  1186  (0),  1210  (0).  12.50  (3m),  1.330  (0), 
1386  (1),  1416  (4),  1450  (1),  1582  (4).  lOUO  (10),  2846  (3m).  2.895  (10),  2920  (3),  2956  (10). 
2996  (2),  30.35  (4),  3052  (G),  3004  (4). 

23)  (Q.ll5)3SiCHX,ns.  177  (4).  2.30  (.3m),  310  (2),  470  (.5),  .5.58  (.3),  568  (7),  586  (1), 
624  (4).  647  (1).  730  (2m),  775  (.3m),  809  (4),  814  (3m).  845  (2m),  908  (2),  975  (3),  1004  (10), 
1013  (2),  1032  (.5),  1113  (2m).  1100  (0),  1189  (1),  1211(7),  1230  (2m),  1. 3.8.5  (1),  1418(4), 
1465  (4m),  1583  (2),  1004  (8).  2879  (8).  2885  (8),  2912  (Om),  29.39  (2).  2958  (5),  3005  (2), 
3038  (3),  3057  (7),  30nS  (5). 

Note:in=  weak,An=  doublet,  p  =  strong, on.  iii  =very  weak. 
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EXPERIMENTAL 


Owing  to  ilic  convenience  of  the  method  of  carrying  out  the  addition  of  hydride  silanes  to  alkcnylbenzenes, 
we  describe  only  one  experiment. 

After  distillation  the  styrene  had  the  following  constants:  b.  p.  145-146*  (758  mm),  np  1.5450,  d*®4  0.9062, 
Allylbenzcne  was  prepared  from  bromobenzene  and  allyl  chloride  through  the  Grignard  reaction  and  had  tlie  follow¬ 
ing  constants:  b.  p.  45-45.5*  (13  mm),  n^°D  1.5120,  d*®4  0.8932.  y -Butenylbenzenc  was  prepared  from  benzyl 
chloride  and  allyl  chloride  through  the  Grignard  reaction  and  had  die  following  constants:  b.  p.  65*  (10  mm), 
n*®D  1.5064,  d^®4  0.8841. 

Addition  of  trichlorosilane  to  styrene.  For  this  reaction  124.8  g  (1.2  moles)  of  styrene,  162.0  g  (1.2  moles) 
of  trichlorosilane,  and  1  ml  of  a  0.1  M  2-propanolic  solution  of  chloroplatinic  acid  were  taken.  The  reaction 
was  carried  out  in  a  four- neck  flask  provided  with  seals  and  a  stirrer,  reflux  condenser,  thermometer,  and  dropping 
funnel.  All  the  txichlorosilane  and  1  ml  of  the  0.1  M  2-propanolic  solution  of  H2PtCl6  were  put  into  the  flask. 

About  10  ml  of  styrene  was  then  added.  After  a  brief  induction  period  the  temperature  of  die  reaction  mixture 
began  to  rise.  If  no  reaction  took  place,  it  was  necessary  to  heat  the  reaction  mixture  to  30-40*  and  to  keep  it 
at  this  temperature  until  die  reaction  began.  After  the  beginning  of  die  reaction  styrene  was  slowly  added,  the 
addition  rate  and  bath  temperature  being  regulated  so  that  the  temperature  of  the  reaction  mixture  remained  be¬ 
tween  30  and  40*.  VVlien  the  reaction  was  finished,  the  unreacted  trichlorosilane  and  styrene  were  driven  off  and 
the  residue  distilled  through  a  column.  Also,  the  alkenylbenzene  could  be  put  into  die  flask  and  the  hydride  silane 
added  to  it.  Tlte  results  were  identical  in  both  cases.  On  fractionation  177.2  g  of  B -phenylediyltrichlorosllane 
was  obtained  (see  table). 

The  addition  reaction  of  hydride  silanes  with  alkenylbenzenes  also  may  be  carried  out  at  atmospheric  pres¬ 
sure,  Pt/ C  being  used  as  catalyst  according  to  method  [3].  Thus,  for  instance,  94.5  g  (0.8  mole)  of  allylbenzene 
and  1  g  of  Pt/C  powder  {O.OiTio  Pt)  were  put  into  the  apparatus  described  above.  The  reaction  mass  was  heated 
in  a  water  bath  to  90*,  and  91.2  g  (0.8  mole)  of  mcthyldichlorosilane  was  added  at  diis  temperature  during  1.6 
hours,  with  stirring.  Then  the  mixture  was  heated  to  90*  for  3  hours  more,  cooled,  filtered,  and  distilled.  On 
distillation  from  a  Favorskii  flask,  100.3  g  {53.7lo)  of  a  mixture  of  (a  ,a -benzylmethylmethyl)metliyldichlorosllane 
and  y -phenylpropylmcthyldichlorosilane  was  obtained: 

B.  p.  117-118*  (9  mm),  n*°D  1.5089,  d*®4  1.1123. 

Part  of  the  compounds  obtained  were  converted  tltrough  the  Grignard  reaction  to  phenylalkyltrlalkylsllanes. 

The  reaction  of  3.5  moles  of  metliylmagnesium  bromide  with  1  mole  of  6  -phenylbtityltrichlorosllane  gave  5  -phenyl- 
butyltrimethylsilane  in  73f7<»  yield: 

B.  p.  91-92*  (3  mm),  n*®D  1.4828,  d”4  0.8656. 

Found ‘7o:  C  75.64,  75.50;  11  10.62,  10.60;  Si  13.72,  13.40.  CijHzjSi.  Calculated ‘7<»:  C  75.72;  H  10.68; 

Si  13.60. 

The  reaction  of  2.3  moles  of  metliylmagnesium  bromide  with  1  mole  of  y  -phenylpropylmethyldichlorosllane 
gave  y  -phenylpropyltrimethylsilane  in  G'Sjo  yield: 

B.  p.  56*  (2  mm),  n*®D  1.4853,  d”4  0.8684. 

Found  *70:  C  75.12,  74.88;  11  10.36,  10.38;  Si.  14.38,  14.26.  Ci^HjoSi.  Calculated  <70:  C  75.00;  H  10.41; 

Si  14.59. 

The  reaction  of  2.3  moles  of  metliylmagnesium  bromide  with  1  mole  of  6  -phenylbutylmethyldichlorosilane 
gave  6  -phcnylbutyltrimethylsilanc  in  Iffh  yield: 

B.  p.  91-92*  (3  rnm),  n*®D  1.4835,  d*®4  0.8653. 

Found ‘7o:  C  75.60,  75.54;  H  10.54,  10.58;  Si  13.54,  13.66.  C13II22SI.  Calculated  *70:  C  75.72;  H  10.68; 

Si  13.60. 

The  reaction  of  2.3  moles  of  ethylmagncsium  bromide  with  1  mole  of  y -phenylpropylethyldidilorosilanc 
gave  y -phenylpropyliriethylsilane  in  727o  yield: 


•wf 
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B.  p.  165*  (20  mm),  n”D  1.4949,  0.8939. 

Found‘d:  C  76.88,  76.74;  H  11.10,  11.03;  SI  11.90,  11.84.  CigHieSl.  Calculated  "/o:  C  76.92;  H  11.11; 

SI  11.97. 

The  reaction  of  2.3  moles  of  cthylmagncsium  bromide  with  1  mole  of  5 -phenylbutylethyldlchlorosllane 
gave  5 -phenylbutyltrietJiylsilanc  in  yield: 

B.  p.  lOiT  (2  mm),  n*®D  1.4922,  d*®^  0.8862. 

Found%:  C  77.32,  77.26;  H  11.26,  11.17;  Si  11.42,  11.38.  CigHigSi.  Calculated  <70:  C  77.42;  H  11.29; 

Si  11.29. 

SUMMARY 

1.  It  was  shown  tJiat  the  addition  of  hydride  silanes  to  alkenylbenzenes  in  the  presence  of  catalytic  amounts 
of  chloroplatinic  acid  takes  place  under  mild  conditions  with  good  yields. 

2.  The  trichlorosilyl  group  of  trichlorosilane  always  adds  to  the  double -bond  carbon  atom  nearer  the  ring, 
while  the  alkyldichlorosilyl  group  of  alkyldichlorosilanes  may  add  to  either  double-bond  carbon  atom. 

3.  The  Raman  spectra  of  23  synthesized  compounds  were  taken.  Spectral  differences  between  organosilicon 
compounds  with  straight-chain  and  branched -chain  phenylalkyl  radicals  were  found. 
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INVESTIGATION  IN  THE  FIELD  OF  THE  SYNTHESIS  AND 
CONVERSIONS  OF  SUBSTITUTED  VINYL  ETHERS 

XI.  SYNTHESIS  AND  PROPERTIES  OF  ISOPROPENYL  ALKYL  SULFIDES 

M.  F.  Shostakovskll,  E.  P.  Gracheva,  and  N.  K.  Kul’bovskaya 

Translated  from  Zhurnal  Obshchcl  Khlmll,  Vol.  30,  No.  2,  pp.  383-388, 

February,  1960 

Original  article  submitted  February  20,  1959 


In  the  preceding  article  we  showed  that  vlnylatlon  of  thiophenol  by  propyne  In  an  alkaline  fhedluoi  leads 
to  a  mixture  ofpropenyl  and  Isopropenyl  phenyl  sulfides.  In  the  vlnylatlon  of  alkylthlols,  only  Isopropenyl  alkyl 
sulfides  are  obtained. 

RSH -f  CH3Ch=CH  CH2=G-Sn 

CII3 

li  -  C.H.,  C,IIt.  C.H,. 


Isopropenyl  alkyl  sulfides  are  compounds  very  difficult  to  prepare,  and  only  Isopropenyl  ethyl  sulfide,  pre¬ 
pared  by  die  tlicrmal  decomposition  of  acetone  diethylmercaptol  [1]  and  6 -ethyltlilocrotonic  acid  [2]  Is  described 
In  the  literature.  It  was  of  Interest  to  us  to  prepare  Isopropenyl  alkyl  sulfides  and  to  study  their  properties  In  com¬ 
parison  with  the  well- studied  properties  of  vinyl  alkyl  sulfides  [3]. 

Earlier  we  pointed  out  [4]  that  propyne  requires  a  higher  reaction  temperature  for  vlnylatlon  titan  acetylene. 
In  the  case  of  vliiylatlon  of  mercaptans  an  Increase  In  tlie  reaction  temperature  leads  to  a  decrease  In  the  yield 
of  the  main  product  (see  Table  1)  In  comparison  with  tlie  yields  of  vinyl  alkyl  sulfides  [3a].  The  yield  of  Iso¬ 
propenyl  alkyl  sulfides  decreases  also  as  a  result  of  the  secondary  formation  of  dlthloethcrs  of  propanediol -1,2. 


CH2=c-sn  -b  nsH  RscH2-cH-sn 

I  I 


(2) 


This  reaction,  which  proceeds  by  a  radical  mechanism  f3a],  goes  smoothly,  even  when  the  components 
are  simply  mixed  togetlicr.  For  Instance,  when  ethyl  mercaptan  Is  mixed  with  isopropenyl  ethyl  sulfide,  sponta¬ 
neous  heating  occurs  and  l.^-dlethylmercaptopropane  is  formed;  the  latter  Is  identical  with  the  dlthloetlier  ob¬ 
tained  In  tlie  vlnylatlon  of  ediyl  mercaptan. 

It  is  generally  known  that  vinyl  alkyl  sulfides  differ  from  their  oxygen  analogs  In  their  great  tendency  to 
react  by  a  radical  mechanism  [3a],  but  In  tlie  presence  of  acid  catalysts  tlie  reaction  may  go  by  an  Ionic  mecha¬ 
nism,  products  conforming  to  Markovnikov’s  rule  being  obtained.  Isopropenyl  alkyl  sulfides  behave  like  vinyl 
alkyl  sulfides,  but,  owing  to  the  presence  of  tlie  methyl  group  In  the  a-posltlon  relative  to  the  sulfur  atom,  the 
reaction  is  hindered  and  tlie  products  obtained  arc  less  stable.  Thus,  In  the  presence  of  hydrochloric  acid,  mer¬ 
captans  add  to  isopropenyl  alkyl  sulfides  to  form  2,2-dialkylmercaptopropancs  which  are  easily  cleaved  Into  the 
original  compounds  on  heating  [1], 
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CH2=C-SII  +  RSH 


CHa 


(Cll3)2C(SR)2. 


(3) 


The  presence  of  an  a -methyl  group  even  more  sharply  affects  tlie  stability  of  hydrochlorinatlon  products. 


CU2=C-SR  — (CHalz-CCl-SR. 

I 

CII3 


(4) 


While  a -chlorides  of  tlie  type  R— CHCl— SR  are  relatively  stable  compounds  [3a,  5],  a-chlorolsopropyl  alkyl 
sulfides  evolve  hydrogen  chloride  at  a  temperature  below  0*,  giving  a  complex  mixture  of  products,  of  which  only 
a  mercaptan  could  be  Isolated. 

Isopropenyl  alkyl  sulfides  were  decomposed  with  an  excess  of  alcoholic  mercuric  chloride  solution  [3a]. 


CH2=C-SR  llgClj  +  2C2llr.OH  — ►  RSllgCl  +  »IC1  +  (0113)20(002115)2 .  (5) 

CH3 

It  was  found  that  for  quantitative  decomposition  of  sulfides  the  reaction  must  be  carried  out  by  hcatli^  In 
an  ampule.  Hydrolysis  of  Isopropenyl  alkyl  sulfides  In  an  acid  medium  leads  to  the  formation  of  acetone,  which 
was  Identified  in  the  form  of  the  2,4-dInitrophenylhydrazone,  and  2,2-dialkylmercapiopropanes. 

EXPERIMENTAL 

1.  Synthesis  of  Isopropenyl  Alkyl  Sulfides.  The  experiments  were  performed  In  autoclaves  by  the  method 
described  in  [4], 

a)  Isopropenyl  Ethyl  Sulfide.  A  500- ml  autoclave  was  charged  with  93.2  g  of  ethyl  mercaptan,  16.8  g  of 
potassium  hydroxide,  and  12  g  of  propync.  The  autoclave  was  heated  at  170-180*  for  2  hours.  The  maximum 
pressure  was  45  atm  and  tlie  minimum,  32  atm.  The  autoclave  was  cooled,  and  the  excess  propyne  was  collected 
In  a  trap  placed  in  dry  ice.  Forty  g  of  propyne  was  trapped.  The  product  was  unloaded,  diluted  with  diethyl 
ether,  and  dried  over  anliydrous  NajSO^:  then  the  ether  was  driven  off  and  the  residue  distilled  In  a  column  hav¬ 
ing  20  theoretical  plates.  The  following  fractions  were  obtained:  1st,  b.  p.  97.5-114*  (750  mm),  6.7  g,  n*°D 
1.4698;  2nd,  b.  p.  114-116*  (750  mm),  68  g,  n*°D  1.4750;  residue  68,1  g.  The  second  fraction  consisted  of  Iso¬ 
propenyl  etliyl  sulfide  (see  T  able  2),  a  substance  witli  a  more  unpleasant  odor  than  other  Isopropenyl  alkyl  sulfides. 
After  further  drying  over  Na2S04  and  distillation,  2-3  g  of  isopropenyl  etliyl  sulfide  could  be  Isolated  from  the 
first  fraction.  B.  pts.  105-115*  [la,  c]  and  109-110*  [2]  are  given  in  tlie  literature.  The  still-pot  residue,  which 
amounted  to  68.1  g,  was  steam  distilled,  dried,  and  distilled  in  vacuo.  There  was  obtained  11  g  (97o)  of  1,2-dI- 
etliylmercaptopropane,  b.  p.  112-114*  (26  mm),  n*°D  1.5036,  d*®^  0.9634.  The  constants  agree  closely  with  the 
data  obtained  In  Expt.  2  (see  also  Table  2). 

b)  The  Conditions  of  Synthesis  of  Isopropenyl  Propyl  Sulfide  and  Isopropenyl  Butyl  Sulfide  and  Their  Pro  - 
pertles  arc  given  in  Tables  1  and  2.  In  the  syntliesis  of  isopropenyl  butyl  sulfide,  dioxane  was  put  into  tfie  auto¬ 
clave  In  order  to  minimize  tarring.  After  unloading,  the  reaction  mass  was  diluted  with  ether,  and  the  dioxane 
was  washed  out  with  water.  The  etliereal  solution  was  dried  over  Na2S04,  die  ether  driven  off,  and  the  sulfide 
distilled  from  a  Favorskil  flask. 

2.  1,2-DIalkylmercaptopropanes  were  prepared  by  mixing  0.07  mole  of  the  Isopropenyl  alkyl  sulfide  with 
0.08  mole  of  the  mercaptan  (Equation  2).  Within  a  few  minutes  the  temperature  of  the  reaction  mass  rose  to 
50-60*.  In  the  case  where  1,2-dibutylmcrcaptopropane  and  l-butylmercapto-2-ethylmercaptopropane  were  syn- 
tlieslzcd  from  butyl  mercaptan  and  die  correspondir^  sulfide,  spontaneous  heating  was  not  observed;  therefore 
0.01  g  of  azoisobutyronitrile  was  added  and  the  mixture  heated  in  an  ampule  at  80*  for  3  hours.  On  die  next  day 
die  reaction  mass  was  fractionally  distilled.  All  synthesized  dithioethers  failed  to  give  an  acid  reaction  on  addi¬ 
tion  of  alcoholic  mercuric  chloride  solution;  i.e.,  they  did  not  contain  isomeric  mcrcaptols.  Physicochemical 
constants  and  yields  of  the  synthesized  compounds  are  given  inTable  2. 

3.  Synthesis  of  2.2-Dialkylmcrcaptopropanes  (Equation  3).  Into  a  flask,  provided  with  a  stiner,  condenser. 
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table  1 


Amount  taken  of 

Reaction  conditions 

Yield  of  reaction 
products  (in  *70) 

Synthesized  compound 

mercap¬ 
tan  (in 
moles) 

propyne 
(in  moles) 

KOH 

(in  moles) 

dioxane 
(in  ml) 

tempera¬ 

ture 

heating 
time 
(in  hr) 

isopropenyl 

alkyl 

sulfide 

1,2-dIal- 

kylmer- 

captopro- 

pane 

Isopropenyl  ethyl 
sulfide 

1.5 

3 

0.3 

170-180* 

2 

44 

9 

Isopropenyl  propyl 
sulfide 

0.47 

0.94 

0.09 

110-120 

1.5 

49 

15 

Isopropenyl  butyl 
sulfide 

0.34 

0.68 

0.068 

' 

30 

120-130 

1.5 

51 

8  . 

thermometer,  and  dropping  ftinnel,  were  put  0.04  mole  of  the  alkyl  mercaptan  and  5-8  drops  of  HCl,  and  0.04  mole 
of  the  isopropenyl  alkyl  sulfide  was  added  dropwise.  The  temperature  slowly  rose  from  20  to  44*  in  the  case  of 
etliyl  mercaptan  and  the  corresponding  sulfide,  and  from  20  to  29*  in  the  case  of  propyl  and  butyl  mercaptans.  In 
these  experiments  tlie  mixture  was  heated  to  50*  for  5  minutes.  After  standing  overnight  it  was  neutralized,  dried 
with  potash,  and  distilled.  Results  are  given  in  Table  3.  It  should  be  noted  that  tlic  odor  of  2,2-dialkylmercapto- 
propanes  was  far  more  disagreeable  than  that  of  the  Isomeric  1, 2-dialky Imcrcaptopropanes.  They  were  easily  de¬ 
composed  by  an  excess  of  alcoholic  mercuric  chloride  solution.  Weighed  samples  (0.1 -0.2  g)  were  put  into  conical 
flasks  with  ground  stoppers,  containing  7  ml  of  alcoholic  20^o  mercuric  chloride  soiution.  After  they  had  stood  for 
a  day,  tlie  hydrochloric  acid  formed  was  titrated  witli  0.1  N  NaOH  in  tlie  presence  of  metliyl  orange.  The  calcula¬ 
tion  was  made  by  the  following  formula. 


% 


found  = 


a-F-M- 100 
U .  2  •  1000  •  ICi  ’ 


where  a  Is  the  number  of  milliliters  of  0.1  N  NaOH  with  tlie  factor  F,  used  in  the  titration  of  hydrochloric  acid,  M 
Is  the  molecular  weight  of  the  2,2-dialkylmercaptopropanc,  and  D  is  the  sample  weight. 

Values  of  the  percentage  found  were  99.4-99.87o  for  2,2-diethylmercaptopropane,  98-98. 97o  for  2,2-dlpro- 
pylmercaptopropane,  and  98.8-99.87o  for  2,2-dibutylmcrcaptopropane. 

4.  Hydrochlorination  of  Isopropenyl  Butyl  Sulfide.  Twenty  g  of  Isopropenyl  butyl  sulfide  was  placed  In  a 
three-neck  flask  provided  with  a  stirrer,  condenser,  thermometer,  and  gas  delivery  tube.  The  mixture  was  cooled 
to -20*,  and  a  current  of  hydrogen  chloride  was  passed  through  the  gas  delivery  tube.  When  tlie  evolution  of  hydro¬ 
gen  chloride  through  the  condenser  began,  the  current  was  stopped.  The  reaction  mass  assumed  a  dark-cherry 
color.  A  current  of  dry  nitrogen  was  passed  through  the  mixture  at -10*  in  order  to  expel  the  excess  hydrogen 
chloride.  Increase  in  weight,  5.5  g  (required,  5.6  g).  When  tlie  a-chloroisopropyl  butyl  sulfide  reached  a  t;-niper- 
ature  of  5",  weighed  samples  were  taken  for  hydrolysis.  The  samples  (0.2-0. 3  g)  were  quickly  put  into  conical 
flasks  with  ground  stoppers,  each  containing  50  ml  of  water.  The  flasks  were  shaken  and  left  to  stand  for  30  min¬ 
utes,  after  which  die  hydrochloric  acid  formed  was  titrated  with  0.1  N  NaOH  solution.  The  value  found  was 
89-937<>.  As  the  temperature  rose  above  0“,  tlie  reaction  mass  vigorously  evolved  hydrogen  chloride  bubbles  and 
bceame  decolorized.  Hydrolysis  of  die  colorless  liquid  showed  that  die  hydrochloric  acid  content  was  negligible. 
The  substance  distilled  from  97  to  150*  (3  mm).  A  2.5  g  quantity  of  butyl  mercaptan,  b.  p.  96-98*,  was  isolated 
from  the  liquid  caught  In  the  trap.  Similar  results  were  obtained  on  hydrochlorination  of  isopropenyl  propyl  sul¬ 
fide  and  Isopropenyl  ediyl  sulfide. 

5.  Quantitative  Decomposition  of  Isopropenyl  Alkyl  Sulfides  with  Alcoholic  Mercuric  Chloride  Solution  [3a]. 
A  weighed  sample  of  die  sulfide  (0.1-0. 2  g)  was  put  into  an  ampule  containing  5  ml  of  alcoholic  20’/o  mercuric 
chloride  solution.  The  ampule  was  sealed,  and  heated  at  70*  for  3  hours.  After  cooling,  the  ampule  was  opened, 
the  contents  transferred  to  a  flask,  and  die  precipitate  washed  with  edianol.  The  hydrochloric  acid  formed  was 
titrated  with  0.1  N  NaOH  in  the  presence  of  methyl  orange.  After  die  end-point  was  reached,  the  solution  was 
left  for  10  minutes  and  die  titration  then  resumed.  The  amount  of  hydrochloric  acid  found  was  93-997<>  in  the 
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/ork  [9],  b.  pts.  81-82  (5  mm)  and  234-235  (760  mm),  and 
cording  to  [10],  b.  p.  110*  (4  mm).  n*°D  1.4842.  d®^  0.9304, 


experiment  with  Isopropenyl  ethyl  sulfide,  95-907o  with  isopropenyl  propyl  sulfide,  and  99-99.5^o  with  isopropenyl 
butyl  sulfide. 

6.  Ih'drolysls  of  Isopropenyl  Butyl  Sulfide.  Into  a  three -neck  flask,  provided  with  a  stirrer  and  condenser, 
were  put  22  g  of  Isopropenyl  butyl  sulfide  and  120  ml  of  Glo  hydrochloric  acid.  The  flask  was  heated  In  a  water 
bath  at  70*  for  1  hour.  After  cooling,  the  hydrolyzate  was  neutralized  to  methyl  orange  with  sodium  hydroxide 
and  transferred  to  a  separatory  funnel.  The  organic  layer  was  separated,  and  die  water  layer  was  transferred  to  a 
Favorskii  flask  and  distilled.  A  6.6  g  quantity  of  acetone,  b.  p.  56-57*,  was  distilled  off.  Acetone  2,4-dl- 
nltrophenyliiydrazonc  had  m.  p.  125.5*  and  gave  no  depression  in  a  mixture  test.  The  organic  layer  (10  g)  was 
dried  over  Na2S04  and  distilled.  There  was  isolated  5.1  g  of  2,2-diediylmercaptopropane; 

B.  p.  84-89*  (18  mm),  n*®D  1.4965,  d”4  0.9537. 

Found ‘7°:  C  51.02,  51.04;  II  10.04,  9.78;  S  38.77,  38.73.  C7H16SJ.  Calculated  C  51.19;  H  9.82; 

S  39.04. 

According  to  [Ic];  n‘®D  1.4939,  d‘®4  0.9496. 

In  order  to  determine  the  purity  of  the  mercaptol,  it  was  titrated  with  mercuric  chloride  under  the  condi¬ 
tions  described  in  Experiment  3.  The  mercaptol  was  found  to  be  dl-dffjo  pure. 

SUMMARY 

1.  Isopropenyl  ethyl  sulfide,  isopropenyl  propyl  sulfide,  and  Isopropenyl  butyl  sulfide  were  syntliesized 
through  tJie  interaction  of  propyne  with  mercaptans  in  an  alkaline  medium. 

2.  Isopropenyl  alkyl  sulfides  readily  add  on  mercaptans  by  a  radical  mechanism,  giving  1,2-dialkylmercap- 
topropancs. 

3.  In  the  presence  of  acid  catalysts,  isopropenyl  alkyl  sulfides  add  on  mercaptans  in  accordance  with 
Markovnikov’s  rule,  forming  2,2-dIalkylmercaptopropanes. 

4.  Attempts  to  prepare  a -chlorolsopropyl  alkyl  sulfides  showed  that  they  are  exceedingly  unstable  compounds, 
and  decompose  at  a  temperature  Iwlow  0*  with  evolution  of  hydrogen  chloride. 

5.  It  was  shown  that  quantitative  decomposition  of  Isopropenyl  alkyl  sulfides  and  2,2-dIalkylrnercaptopro- 
panes  with  an  excess  of  alcoholic  mercuric  chloride  solution  may  serve  for  determination  of  the  purity  of  these 
compounds. 

6.  The  following  compounds  were  prepared  for  the  first  time:  Isopropenyl  propyl  sulfide,  isopropenyl  butyl 
sulfide,  1,2-diethylmcrcaptopropane,  1,2-dipropylmercaptopropanc,  1,2-dIbutylmercaptopropane,  and  1-butyl- 
mercapto-2-ethylmcrcaptopropane. 
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In  developing  an  investigation  of  the  chemistry  of  unsaturaied  nitrocompounds,  we  have  studied  their  re¬ 
action  with  some  cyclic  8 -diketones.  The  increasing  interest  in  tills  group  of  organic  compounds  Is-explained  by 
the  fact  that  many  of  them  have  valuable  pharmacological  properties.  Thus,  2-phenyl-l,3-indanone  (antipyrine) 

Is  an  active  anticoagulant  for  blood  and  plays  an  important  part  in  curing  thrombosis  and  myocardial  infarcts. 

Many  acyl  indanoncs  can  be  used  as  active  insecticides;  aminoindanones  have  a  spasmolytic  and  atropine-like 
action.  At  the  present  time  a  comparatively  small  number  of  derivatives  of  8 -diketones  have  been  synthesized 
and  studied,  and  tlicir  reaction  witli  nitroolefinshas  not  been  studied  at  all.*  We  can  assume  that  the  synthetic  and 
pharmacological  possibilities  of  this  series  are  still  far  from  being  exhausted. 

The  reaction  of  cyclic  6-dikctones  with  nitroolefins  was  carried  out  by  us  In  organic  solvents  (benzene, 
methanol)  at  room  temperature,  often  witli  high  yield,  and  usually  we  used  a  basic  catalyst  (triethylamine,  sodium 
methylate).  The  reaction  takes  place  according  to  the  scheme: 

/CO. 

_  RC  \C-CHCHaN02 

^  Vq/  I  I 

Rj  Ra 

Rj 

^  R<  >C=(CHCIl2N02)a 

I 

Ra 

(jii^ /\/ 

R  r=  (cHi),=c<^  .  1  I  .  I  I  :R,  =  H,  c,Hj;  R,  =  H.  alkyl,  aryl,  heterocycUc. 

CH,-  \/\o/ 

The  external  sign  of  the  ability  of  a  compound  which  contains  a  metliylene,  methine,  or  methyl  group  to 
react  with  a  substance  with  an  active  double  bond  (Michael  reaction)  or  with  other  electrophilic  reagents  (aldehydes, 
diazo  compounds)  is  the  presence  in  it  of  a  mobile  hydrogen  atom.  It  is  considered  that  increasing  acidity  of  these 
substances  favors  tlie  reaction  mentioned.  However,  it  can  be  assumed  in  many  cases  that  increased  mobility  of 
the  hydrogen  atom  of  the  active  component  and  its  increased  ability  for  electrophilic  reaction  coincide  only  with¬ 
in  certain  limits.  Study  of  the  reaction  of  cyclic  ketones  with  unsaturated  nitrocompounds  shows  thatrl)  substances 
which  are  weak  acids  (cyclohexanone,  1-indandione)  do  not  react  with  them;  2)  with  increasing  acidity  of  the 


.CO, 


r/  +  CH=CMN02 

I 


•After  completion  of  our  work  and  the  publication  in  1957  of  a  preliminary  communication  [1],  there  appeared 
In  1958  a  description  of  the  reaction  of  dinitroresorcinol  with  nitroethylene,  nitropropene,  and  nitrostyrene  [2]. 
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TABLE  1 


d 

o  b  Z 

Melting  point 

Yield 

Formula 

(solvent) 

(ln‘?») 

U  a, 

/CHz-COv 

(Cii3)2=c<  >c=(CH2CH2N02)2 

\CIIa-CO/ 

104.5® 

52 

(I) 

(Methanol) 

(H) 

XHi-COs 

(CII.lj=c/  yH-CHCH.NO, 

^CIIj— co^  1 

137.2 

(Methanol) 

65 

C,Il5 

.CHa-COv  .  ^  ^  . 

174 

47 

(III) 

(CH5)3=C^  yil-CIICHaNOa 

^cilo— CO'^  1 

(Methanol) 

CaHjOH.  OGIIj-p.  m. 

(IV) 

1  1  \c=(CIl2CH2NOa)2 

111 

(Methanol) 

35 

(V) 

1  1  ^C=(CIICH2N02)2 

CeH, 

188.5 

(Methanol- 

benzene) 

85 

1  1  ^C=(ClICIl2NOa)a 

156.4® 

56 

(VI) 

(Methanol- 

benzene) 

212—213 

81 

(VIO 

1  1  \c=(CnCIIaN02)a 

(Dioxane) 

"O 

G1I(CH3)2 

1  I  ^G-CIIGHaNOa 

Calls 

136.5 

60 

(VIII) 

(Methanol) 

Cjalla 

1  1  \c-CHCH2NOa 

\^CO  CaHs 

164.2 

94 

(IX) 

(Methanol- 

bcnzene) 

C8ll4N02*P 

1  1  ^C-GUCIlzNOa 

Calls 

193 

87 

(X) 

(Metlianol- 

bcnzene) 

(XI) 

/S/CO  °sl^ 

1  1  ^C-GIICIIaNOa 

\^CO  Calls 

132 

(Methanol- 

benzene) 

55 

(XII) 

(Y  ^CH— CIICIlaNOa 

II 

'\Ao/‘=°  ‘=*"» 

152 

(Ethanol) 

i 

50 
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TABLE  2 


u  cx. 


(XIII) 


(XIV) 


(XV) 


(XVI) 


Formula 

Melting  point 
(solvent) 

Yield 
(In  %) 

/CO 

CII2  c - CHCells 

1  II  1 

2370 

54 

(Methanol) 

I  II  1 

(Cll3)2--C  C  CHa 

Nriij/XN/ 

1 

H 

Hydrochloride  (XIII) 

257 

CH(CH3)2 

(Methanol) 

168 

43 

1  1  \c-CHCII2NH2 

(Methanol) 

dolls 

CoHs 

1  1  \c-CHClI2NH2 

\J\  /  1 

X/\C0  CoHs 

216 

33 

methylene  component  (dimedon,  indandlone,  phenylindandione)  ability  to  react  appears;  3)  strongly  acid  sub- 
sunccs  (nitrodlmcdon,  nltroindandione)  again  fail  to  react  with  nitroolefins. 

The  opinion  that  enollzation  of  ketoenol  tautomers  is  the  cause  of  their  low  ability  to  undergo  the  Michael 
condensation  has  been  expressed  [3].  However,  1)  typical  ketoenol  tautomers  (dimedon,  indandlone)  easily  con¬ 
dense  with  nitroolefins  with  high  yield;  2)  considerations  of  tautomerlsm  can  be  applied  with  difficulty  to  the 
methylene  components  which  arc  strong  acids  in  which  the  organic  residue  is  an  anion;  3)  most  of  the  reactions 
investigated  were  canied  out  in  media  (nonpolar  solvents)  which  favored  ketonizatlon  [4]  of  the  cyclic  6 -diketone. 

The  electron  density  at  the  moment  of  reaction  in  the  methylene  of  the  hydrocarbons  Is  the  basis  of  the  attack, 
and  the  three  groups  of  compounds  considered  are  so  changed  tliat  in  the  first  group  (weak  acids)  because  of  the 
weak  activating  influence  of  tlie  carbonyl  group,  it  will  be  slight;  In  the  third  group  (strong  acids)  the  negative 
chaige  joined  to  the  three  electrophilic  groups  is  blocked  by  them  and  so  the  electron  density  on  the  carbon  is  also 
slight,  and  only  in  compounds  with  a  medium  acidity,  because  of  tlie  activating  effect  of  the  two  carbonyl  groups, 
will  there  be  created  the  greatest  electron  density.  Maximum  electron  density  and  optimum  acidity  are  the  con¬ 
ditions  for  successful  reaction  of  cyclic  6 -diketones  with  nitroolefins.  This  consideration  is  not  of  absolute  signi¬ 
ficance:  2-nitro-l,3-indandione  reacts  with  some  substances  with  active  double  bonds,  for  example,  benzalacetone, 

EXPERIMENTAL 

Dimedon  combined  with  unsaturated  nitrocompounds  at  room  temperature  In  a  medium  of  dry  methanol  and 
with  catalytic  participation  of  sodium  metliylate  or  trie  thy  la  mine.  Nitroethylene  [5],  because  of  its  high  rctactivity 
(In  the  absence  of  a  catalyst)  reacted  with  both  hydrogens  of  the  methylene  group  of  dimedon  [1].  On  the  other 
hand,  the  reaction  of  dimedon  with  6 -nitxostyrene  [6]  and  p-hydroxy-m-methoxy-6 -nltrostyrene  [7]  occurred  in 
such  a  way  that  these  nitroolefins  replaced  only  one  methylene  hydrogen  (II,  UI).  The  attempt  to  react  a-furyl- 
6 -nitroethylene  [8]  with  dimedon  did  not  succeed. 

1,3-Indandione  [91  reacted  with  nitroethylene,  B -nitrostyrene,  a- furyl- 6 -nitroethylene,  and  a-thienyl-B- 
nitioethylene  [10].*  In  all  cases  we  found  combination  of  two  molecules  of  nitroolefin  (IV-VII).  The  best  yield 
of  product  was  obtained  by  running  tlie  reaction  in  a  nonpolar  solvent  (benzene)  at  room  temperature  in  the  pre¬ 
sence  of  triethylamlne. 


•The  thiophene  was  kindly  presented  by  Professor  V.  Treibs  (Leipzig),  for  which  we  express  our  thanks. 
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TABLE  3 


Com¬ 

pound 

No. 

Found  (*7>') 

Empirical 

formula 

Calculated  fjo) 

c 

li 

N 

c  j 

11 

N 

(I) 

50.38. 

50.40 

6.58, 

6.34 

9.90, 

9.98 

Ci2IIihO()N2 

50.34 

6.29 

9.79 

(11) 

66.27, 

06.32 

6.78, 

6.79 

4.97. 

4.83 

Cir.ll  j<)04iN 

66.35 

6.56 

4.80 

(III) 

60.85, 

61.19 

6.72, 

5.91 

4.37, 

4.49 

Ci7ll2l(J8N 

60.89 

6.27 

4.17 

(IV) 

53.15, 

.53.15 

4.36, 

4.31 

9.7 

— 

.5.3.42 

4.11 

9.58 

(V) 

67.81, 

67.59 

4.76, 

4.61 

6.14. 

6.23 

(^'2.'.H2o(hjX2 

67..56 

4.50 

6.30 

(VI) 

58.95. 

58.90 

4.04, 

.3.96 

6.50 

6.81 

Co]  11  icUsN2 

59.43 

3.77 

6.60 

(VII) 

5L9S. 

55.2.3 

3.28, 

3.45 

5.95. 

5.80 

C21 II  )fi(  >0X382 

55.26 

3.50 

6.13 

(VUI) 

71.16, 

71.15 

5.91, 

5.88 

4.34 

4.03 

c*>o  1 1 1*»04  N 

71.21 

5.63 

4.15 

(IX) 

74.13. 

74.30 

4.68, 

4.72 

4.11. 

3.90 

C23II 1704N 

74.36 

4.34 

3.75 

(X) 

66.14, 

66.31 

3.71. 

3.92 

7.10 

7.4.3 

G23 1110(^0X2 

66.34 

3.84 

6.97 

(XI) 

69.98, 

69.98 

4.43. 

4.17 

3.82, 

4.06 

C2iH,.-,0:,N 

69.79 

4.15 

3.87 

(XII) 

65.01. 

65.28 

4.39, 

4.51 

4.66 

4.5‘'i 

^J7  (( 13(^3 X 

65.29 

4.18 

4.50 

(XIII) 

79.85, 

79.58 

8.04, 

8.38 

6.11, 

6.3.3 

CioIlinUX 

79.66 

7.88 

5.80 

(XIV) 

— 

— 

5.44 

5.34 

C,gII26UNC1 

— 

— 

5.40 

(XV) 

— 

— 

4.50, 

4. .53 

C20II21U2N 

— 

— 

4.56 

(XVI) 

80.58, 

80.63 

5.17, 

5.41 

4.25 

4.08 

C23(Il9U2X 

80.93 

5.54 

4.10 

2-Phenyl- 1,3-indanoiie  [11]  was  condensed  with  the  following  nitroolcfins:  nitroisopentene  [12],  0-nItro- 
styrenc,  p-nitro-  0-nitrostyrcne  [13],  and  a-furyl-0-nitiocthylenc  in  the  presence  of  triethylamine  in  benzene 
(VIII-XI). 

The  reaction  of  4-hydroxycoiimarin  [14]  took  place  in  methanol  in  the  presence  of  sodium  methylate  at  room 
temperature  only  with  0-nitrostyrenc  (Xll).  The  structural  formulas,  melting  points,  and  yields  of  the  products 
(I-XII)  are  given  in  Table  1. 

The  reaction  time  for  the  synthesis  of  the  product  was:  (I)  -  30  minutes;  (II)  “  3  hours;  (III)  —  3  days; 

(IV)- 15  minutes;  (V)- 2  hours;  (VI) -2  hours;  (VII)- 1  hour;  (VIII)  -  2  hours;  (IX)- 1  hour;  (X)- 10  hours; 
(XI)- 2  hours;  (XII)- 1  day. 

The  cyclic  0 -diketones  (2-nitrodltnedon)  [15],  2-nitro-l,3-lnd3ndlonc  [16],  and  l,3-Indandlonc-2-sulfonlc 
acid  [17]  had  strongly  acid  properties  and  did  not  react  with  nitroolefins,  just  like  the  weak  acids  (cyclohexanone, 

1- indandionc  [18]).  Experiments  with  perinaphth- 1,3  -indandione  [19]  were  also  unsuccessful. 

The  starting  products  were  synthesized  by  the  standard  metliods.*  In  order  to  study  tlie  chemical  transform¬ 
ations  of  the  syntliesizcd  substances,  we  carried  out  catalytic  hydrogenation  of  some  of  them.  Hydrogenation  of 
nitroderivative  (II)  in  tlie  presence  of  a  skeletal  nickel  catalyst  gave  a  product  which  was  isolated  as  a  base  (XIII) 
and  as  a  hydrochloride  (XIV).  Investigation  of  the  properties  of  these  compounds  permitted  the  assumption  that 
the  reduction  was  accompanied  by  a  simultaneous  heterocyclization  of  the  amine  with  formation  of  a  pyrrollne 
derivative.  The  products  of  condensation  of  2-phcnyl-l,3-indandione  with  nitroisopentene  and  0 -nitrostyrene 
(VIII,  IX)  were  transformed  into  the  amines  (XV)  and  (XVI)  (Table  2).  The  data  on  elementary  analysis  of  the 
synthesized  substances  is  given  in  Table  3. 

SUMMARY 

1.  For  the  first  time  we  have  carried  out  the  reaction  of  the  cyclic  B -diketones:  dlmcdon,  1,3-Indandlone, 

2- phenyl-l  ,3-indandione  and  the  related  4-hydroxycoumarin  with  a  scries  of  aliphatic,  aromatic,  and  heterocyclic 
unsaturated  nitrocompounds.  We  have  found  a'gcncral  process  for  the  synthesis  of  different  nitro  and  amino  de¬ 
rivatives  of  the  cyclic  0 -diketones. 

2.  We  have  showed  the  possibility  of  direct  heterocyclization  of  some  nitrocompounds  into  pyrrollne  de¬ 
rivatives  by  reduction. 


•  2-Nitrodimedon  and  l,3-lndandione-2-sulfonic  acid  were  kindly  presented  by  E.  Yu.  Gudrinietse;  we  express  our 
thanks  to  him. 
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3.  We  have  developed  Ideas  of  the  optimum  acidity  and  maximum  electron  density  as  conditions  for  the 
successful  reaction  of  compounds  with  active  methylene  (or  metliyl)  groups  with  electrophilic  reagents, 
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CONTRA  POLARIZED  SYSTEMS  AND  COLOR 


V.  THE  ABSORPTION  SPECTRA  OF  m-  AND  p-DINITRODENZENES  AND  THEIR  MOLECULAR 
COMPLEXES  WITH  DIMETHYLANILINE 

(The  Analysis  of  Structural  Effects  on  Spectra.  II.  [1]) 

V.  A.  Izmall'skii  and  A.  V.  Belotsvetov 
V.  P.  Potemkin  Moscow  Pedagogical  Institute 

Translated  from  Zhurnal  Obshchei  Kliimii,  Vol.30,  No.  2,  pp.  393-402, 

February,  1960 

Original  article  submitted  February  4,  1959 


The  present  investigation  is  devoted  to  tlie  question  of  the  effect  of  tlie  relative  positions  of  two  electrono- 
philic  chroinophore  groups  on  color. 

In  his  excellent  study  of  auxochromc  groups,  Kauffmann  [la],  on  tlie  basis  of  study  of  compounds  witli  two 
auxochromc  groups,  drew  up  an  empirical  rule  of  the  distribution  of  auxochromes:  "Two  auxochromes  in  the  para- 
position  sircngilien  eacli  other,”  that  is,  give  a  greater  deepening  of  the  color.  It  should  be  noted  tliat  this  rule 
was  drawn  up  by  Kauffmann  on  the  basis  of  visual  observations  on  color,  and  was  not  tested  by  spectrum  study  of 
the  solutions.  This  rule  can  be  formulated  more  exactly  ns  follows:  in  the  presence  of  two  electron  donor  chromo* 
phorcs*  ("auxogroups")  in  the  para -position  to  each  other  in  the  benzene  ring  (or  in  general,  in  even  positions, 

1,4;  1,6,  of  a  conjugated  system)  and  when  an  elcctronopliilic  chroinophore  is  also  present,  tlierc  occurs  a  batho- 
chromic  shift  of  color  as  compared  to  the  color  of  isomers  which  contain  the  same  groups  in  the  meta-positlon. 

Our  studies  have  shown  that  here  we  meet  with  a  rule  of  more  general  significance  [3].  It  is  actually  applic¬ 
able  not  only  for  compounds  with  conjugated  chromophorc  systems  of  type  (1),  in  which  the  electron  donor  chromo- 
phore  components* •  A  are  combined  in  a  conjugated  chain  with  the  electronophilic  chroinophore  component  B 
by  the  conjugated  system  of  chromophores  K,  but  also  in  compounds  of  type  (II)  witli  the  chroinophore  systems 


•Groups  of  type  A  (NHj,  OH,  SR,  OR,  etc.)  arc  called  chromophores  both  from  die  character  of  their  spectra  and 
corresponding  to  the  new,  exact  definition  of  the  term  chromophorc:  "Chromophores  arc  groups  which  have 
electrons  sharing  in  the  absorption  of  light  independently  or  in  combination  with  the  electrons  of  other  chromo- 
phorcs.*  [2].  Donor  chromopliorcs  (A)  introduce  their  p-clccirons  into  the  cochromopliorcs  and  thus  participate  in  • 
light  absorption  [3].  Braude  [4]  and  a  number  of  otlicr  authors  have  recently  come  to  the  same  conclusion  as  to 
grotips  of  ilic  type  OH,  NHj,  etc. 

**The  chromophorc  components  share  with  other  chromophorc  components  in  the  formation  of  a  combined  elec¬ 
tron  system  of  a  complex  chromopliore,  die  cocliromophorc  [2],  The  use  of  the  terms  cochromophore  and  chromo¬ 
phorc  component  permits  us  to  construct  a  truer  system  of  classification  of  chromophorc  and  to  avoid  such  errors 
as  when  a  typical  chroinophore  component  like  NOj  or  CO  is  regarded  only  as  a  secondary  group,  "  negative 
auxochromc",  "antiauxochromc"  [6-7],  "negative  auxochromc"  [8]  whicli  does  not  share  in  light  absorption,  but 
only  modifies  die  state  of  tlie  basic  chromophorc  system  [9-11],  or  on  tlie  other  hand,  when  the  absorption  of  light, 
determined  by  the  complex  system  of  the  cochromophore,  is  -ascribed  to  a  single  chromophorc  component  [5,  12] 
or  when  Cells  in  biphenyl  is  called  an  auxochromc  [13]. 
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BK  and  AK  wiili  tlic  separating  group  Q  wliicli  docs  not  contain  conjugated  double  bonds,  that  is,  the  conjugation 
is  destroyed.  Tlic  reality  of  this  is  shown  further  by  the  use  also  of  molecular  complexes  of  type  (III).* 

(I)  B—K—A  (II)  DK—Q—KA  (III)  [BK-\-AK]  or  [BKr^AK] 


In  studies  [15]  on  the  color  In  die  solid  state  and  the  absorption  spectra  in  solutions  of  p-  and  m-nitrobenzoyl 
derivatives  of  aromatic  amines,  wldi  structures  (IV)  and  (V),  constructed  according  to  type  (11),  we  observed  tliat  in 


OjN-C^' 


(IV) 


N-CO-NII-/ 
A  t=  N(CH,),.  Oil 


\ _ ^ 

./  ^ 


compounds  with  die  system  P-O2NC6H4CO  the  color  and  spectrum  (^niax  limits  of  absorption)  shifted  batho- 
chromically  compared  to  the  isomeric  compounds  with  die  system  m-02NC5H4C0.  This  fact  of  the  stronger  batho- 
chromic  effect  of  chromophorc  components  with  two  electronophilic  chromopliore  groups  OjN  and  CO  in  die  para- 
position  to  each  other  compared  to  that  widi  the  chromophorc  components  in  the  meta-position  gave  a  method 
of  comparison  between  individual  color  and  absorption  spectra  for  a  number  of  other  compounds  with  two  electro¬ 
nophilic  chromophores. 

On  the  basis  of  these  ideas  a  rule  was  put  forward  [3,  15-17]  which  widened  the  observations  of  Kauffmann. 
By  the  use  of  this  method  of  formulation  it  is  possible  to  say:  two  electronophilic  chromophores  in  the  para-posi¬ 
tion  (or  in  die  even  positions  1,4;  1,6)  to  each  other  support  each  other.  Thus,  not  only  two  electron  donor  chromo 
phorcs,  but  also  two  electronophilic  chromophores  in  the  para-position  give  a  much  stronger  badiochromic  effect 
dian  in  the  case  of  the  meta -position. 

These  findings  were  furdier  confirmed  [17]  In  the  case  of  p-  and  m-nitrobcnzoyl  esters  of  p-dimethylamlno- 
phenol  built  according  to  type  (II)  [(VI)  and  (VII)]  and  also  of  a  number  of  compounds  of  structure  (VIII)  In  which 


(VI) 

(VII) 

<VIII) 


-COO-<^^  ^-N(CH3)2 


-N(cn3)2 


Q  «  -CH.CONH 
-Cll.COO— , 


-CII,CH,CONH— . 
•CH,CH,COO— . 


group  Q  contains  the  grouping  -CHj-  or  -CHjCHj-  separating  die  CO  group  from  the  benzene  ring  containing  the 
NO2  group.  The  greatest  badiochromic  effect  was  seen  when  the  CO  was  joined  directly  to  the  benzene  ring  which 
contained  the  NOj  group  (diat  is,  when  there  was  a  contra-effect  between  the  CO  and  NO2  groups,  see  below)  and 
was  in  the  para -position  to  the  NO2. 

The  explanation  of  this  effect  on  the  favorable  effect  of  two  groups  of  the  same  type  was  found  by  analysis 
of  the  microstructures  [19]  (diat  is,  the  fine  electron  structure  [20])  which  is  determined  by  the  elecuon  shifts 
resulting  from  die  mutual  effects  of  the  two  groups  of  die  same  electron  type.  Thus  we  established  a  principle  of 
more  general  significance,  the  principle  of  the  contrapolarizing  effect  (contra -effect)  [3]  (see  also  [17a]).  Typical 
examples  of  molecules  with  contra -systems  are  hydroquinones  and  quinones,  the  ir  -structure  of  which  can  be  re¬ 
presented  by  formulas  (IX)  and  (X). 


The  presence  of  contrary  contra -effects  can  also  be  established  by  die  ordinary  formulas  or  the  ir  -structural 


•In  scheme  (III)  the  sign is  a  symbol  of  conjugation  with  an  exo-  p-bond  [14].  In  these  cases,  when  we  have  a 
two  electron  donor  system,  their  structure  can  be  represented  by  the  symbol  AKA.  However,  in  diis  case  it  is  here 
expedient  to  use  the  simplified  symbol  AK.  In  exactly  the  same  way  instead  of  BKB  it  is  useful  to  keep  the  simpli¬ 
fied  sclieme  BK. 
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Fig.  1.  Absorption  spectra  in  hexane. 

1)  0=Cii-CH=0;  2)  CHaCOCOCHj; 
3)  p-bcnzoqiiinone. 


Fig.  2.  Absorption  spectra  in  alcohol; 
1)  p-dinitrobenzene;  2)  m-dinltro- 
benzene. 


formulas  with  added  oppositely  directed  arrows,  as  is  shown  in  schemes  (XI)  and  (XII),  In  distinction  to  the  co¬ 
inciding  syn-cffeci. 


W  (xin 


It  is  clearly  evident  that  the  chromophorcs  which  determine  the  yellow  color  of  p-benzoquinone  and  Its 
absorption  in  the  visible  region  are  just  the  CO  groups  with  the  electron  systems  deformed  by  the  contra-effect, 
and  not  tlic  systems  with  the  quinoid  distribution  of  double  bonds,  since  tltc  wavelength  of  tlie  quinone  band 
(^max  lib  ni/i,  e  max  20)  is  astonishingly  close  to  that  of  CII3COCOCH3  (^max  ^  max  20)  and  tliat  of 

glyoxal,  ncocno  (Fig.  1)  [2,  18]. 


No  doubt  die  microstructure  [19]  (or  fine  electron  structure  [2QJ)^nd  spectrum  of  biacetyl  should  be  determined 
by  the  presence  of  contra-system  (XIII).  It  may  be  assumed  that  because  of  tlic  presence  of  the  contra-effect  die 
spectrum  is  connected  with  the  contrary  shift  of  the  electrons  on  excitation  along  the  conjugated  systems  (XlVa) 
and  (XlVb). 

♦  »r 


(XIII)  O^C-C^ 
I  I 


(»val  :0-C  =  C  0:  Dcvw  •.0-C=C-0: 


However,  for  such  polar  shifting  along  the  vector,  the  presence  of  a  band  widi  a  large  value  for  the  molar 
extinction  c  may  is  cliaracteristic.  In  the  present  case  in  biacetyl  (and  glyoxal)  die  bands  have  only  a  very  low 
imctibity.  Therefore,  diis  idea  must  be  rejected. 

We  assume  tliat  the  chromophore  properties  (color)  of  the  contra-system  in  biacetyl  are  connected  with  a 
polar  shifting  of  die  type  (XlVa)  and(XIVb),  and  with  a  shift  of  electrons  in  the  microstructure  toward  a  pseudo- 
biradical*  structure  (XV)  widi  a  special  state  of  die  O  atom  which  insome  degree  approximates  to  a  radical 

♦  The  term  "pseudobiradical "  [21]  aims  to  emphasize  the  presence  of  a  marked  index  of  free  valence  (in  this  case  on  the 
O  atom)  and  easy  excitation  into  the  biradical.  A  toms  in  die  pseudobiradical  state  have  electrons  with  contrary  spins. 
Hence  there  is  a  definite  interrelation  between  diem  and  we  correctly  consider  that  they  are  bound  to  each  other 
in  some  way  by  means  of  a  connecting  ir  -bond. 
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TABLE  1 

Color  of  Solutions  of  Mixtures  of  p-Dinitrobenzene  with  Dlmethylaniline 


Solution 

number 

Cone,  of 
p-dinitto 
nenzcnc 
(DK)  in 
sol. 
(mol.) 

Cone,  of  di- 
meihylanilinc 
In  alcohol  so¬ 
lution 
liter) 

Cone,  of 
dime  thyl- 
aniline(AK 
in  solution 
(mol.) 

Ratio  of  com¬ 
ponents  AK 
and  BK 

Color  of  solution 

1 

10-2 

10 

8  .  10-2 

8/1 X  :  \DK 

Pale  yellow 

2 

10-2 

33 

2.7  .  10-1 

21  AK  :  \nK 

Pale  orange 

3 

10-2 

100 

8  .  10-1 

mAK  :  \UK 

Light  red -orange 

4 

10-2 

200 

1.65 

i^bAK  :  1Z?A' 

Orange -red 

5 

10-2 

500 

4.1 

410/lA' :  \DK 

Intense  brown-red 

6 

10-2 

Pure  dimethyl- 
aniline 

7.9 

790/1  A'  :  iDK 

Somewhat  deeper  than 
the  preceding 

7 

5  .  10-3- 

(955  g/  liter) 
The  same 

7.9 

1580/lA' :  1Z?A‘ 

Closer  to  the  color  of 
solution  No.  4  than 
to  that  of  solution  No.  5 

8 

10-3 

The  same 

7.9 

7900/lX  :  \DK 

Closer  to  the  solution 

No.  2  than  to  that  of 
solution  No.  3 

9 

5  .  10-2 

500 

4.1 

82/iA  :  \DK 

Very  dark  red 

10 

5  .  10-2 

Pure  dimethyl- 
aniline 
(955  g/ liter) 

7.9 

1.58/1  A  :  \UK 

Like  die  previous 
solution 

structure  because  of  the  presence  of  a  consldrrable  index  of  free  valence. 


.  .  ....  tilt 

(3V)  ;o-C=C -o:  OMi  :o-C-c-o:  (xvn)  :0-C-C-o: 

••  I  I  ••  *•  1  I  •• 

♦  ♦ 

(XVin):0-C=C-0: 

*1  I  •• 


However,  we  can  better  understand  die  pseudobiradlcal  character  of  this  system  if  we  start  not  from  tr  "Struc¬ 
tural  formula  (XV)  or  (XVI),  but  from  the  electron  spin  formula  (XVII).  We  then  come  to  the  electron  spin  formula 
(XVIII)  from  which  we  see  that  the  O  atoms  should  have  contrary  spins.  We  correctly  consider,  therefore,  that 
there  is  an  interrelation  between  the  O  atoms  by  means  of  the  group  C— C.  Aldiough  both  O-atoms  have  some 
form  of  bond  between  them,  yet  dieir  state  is  characterized  by  a  considerable  index  of  free  valence. 

This  hypodiesls  of  the  origin  of  the  bands  in  biacetyl,  based  on  the  principle  of  the  contra -effect,  actually 
differs  from  die  hypodicsis  proposed  by  Wheeland  [22]  (based  on  the  work  of  Mulliken  [23])  as  to  the  connection 
of  die  bonds  with  the  shift  in  microstructure  which  occurs  in  the  excited  state  toward  the  structure  with  the  three 


electron  bonds  :  0  •  •  A  deficiency  in  the  last  hypodiesis  is  that  the  shift  in  microstructure  toward  this  three 

electron  structure  is  found  also  for  the  ordinary  carbonyl  group  (which  is  in  the  contra-system)  and  thus  it  is  not 
satisfactory  to  consider  diat  die  great  badiochromic  shift  in  biacetyl  as  compared  to  acetone  (AX  about  130-140  mp) 
should  be  in  any  way  connected  only  with  the  contra-effect  in  the  system -CO~CO-. 

In  molecules  with  two  electron  donor  chromophorcs  their  contra -positions  raise  the  total  electron  donating 
power  of  die  system*  while  in  the  case  of  a  contra -position  for  two  elcctronophilic  chromophores,  the  total  elec- 
tronophilic  nature  of  the  system  is  increased.  Thus,  as  a  result,  we  found  a  mediod  of  analysis  of  the  structural 

•This  was  shown  [17a]  by  establishing  die  fact  that  die  introduction  of  a  second  donor  group  A  in  the  para-position 
to  the  NH  caused  the  same  change  in  color  and  spectrum  as  the  Introduction  of  an  alkyl  in  the  NH  (replacement 
CH|NH  -♦  CII2NCH3  and  CHjCHjNH  -►  CH2CHjNCH3)  or  lengthening  die  chain  in  the  N  alkyl  group  (replacement 
CHjNH  -*  CHjCHjNH). 


420 


TABLE  2* 

Absorption  Spectra  of  m-  and  p-Dtnitrobcnzenes  in  Mixtures  with  CeUsNMcj  (AK) 


0 

z 

Name 

Cone. of 
BK'  or 

BK  (in 
moles) 

Solvent 

i 

X 

n) 

2E 

‘max 

X 

.< 

X 

0 

-E 

S  X 

*»-•  ft) 

pec 
*-•  0 

0  ** 

«> 

X*Q45 

□  0 

1 

p- Dinitrobenzene 
(BK) 

3  •  10-3 

Alcohol 

~3/i0- 

350 

-500- 

G30 

200 

15370 

— 

— 

2 

The  sa  me ,  according 
to  literature  data 
[26] 

0.1  N 

aqueous 

NaOH 

2G6 

14500 

3 

Solution  of  BK  in  AK 

10-* 

AK 

1 

_ 

— 

1  _ 

458 

682 

The  same 

b  .  10-2 

AK 

_ 

— 

— 

— 

455 

762 

5 

Solution  of  BK  in 
alcoholic  solution 
of  AK 

10-2 

2O/0  alco¬ 
holic  AK 

445 

244 

r, 

Dimcthylaniline 
(AK)  from  lite¬ 
rature  data  [25] 

1  Alcohol 

298 

1800 

252 

14100 

7 

m-  Di  nitrobenzene 
(BK*) 

3  .  10-3 

Alcoliol 

~320 

—250 

235 

17700 

— 

— 

a 

The  same,  according 
to  tlie  literature 
data  [27] 

Water 

—305 

—  1100 

241.5 

16300 

0 

The  same  J281 
Solutionof  BK'inAK 

— 

Alcohol 

— 

— 

235 

17800 

— 

— 

in 

10-2 

AK 

_ 

— 

— 

— 

389 

1180 

11 

The  same 

b  .  10-2 

AK 

_ 

— 

— 

— 

390 

950 

12 

Solution  of  BK'  in 
2(f/o  alcoholic 

AK 

10-2 

2(f/o  alco¬ 
holic  AK 

effects  based  on  the  division  of  molecules  into  electron  donor  and  electronophilic  systems. 

The  present  investigation  was  carried  out  for  the  purpose  of  testing  these  conclusions.  Since  tlie  phenomenon 
of  color  In  compounds  witJi  separate  chromophorc  systems  of  type  (II)  is  very  similar  to  the  color  effect  occurring 
in  molecular  complexes  of  type  (III)  which  contain  the  complexly  built  systems  AK  and  BK  (which  wc  have  al¬ 
ready  showed  [I'J]),  it  is  of  great  interest  to  carry  out  a  comparative  study  of  the  spectra  of  molecular  complexes 
using  as  tlie  chromophorc  component  DK  p-dinitrobenzene  and  correspondingly,  m-dinitrobenzenc.  As  tlic  chromo¬ 
phorc  component  AK  we  used  dimcthylaniline.**  Thus,  in  the  present  work  wc  give  tlie  results  of  a  study  of  the 
absorption  spectra  of  the  molecular  complexes  (XIX)  and  (XX). 

(XIX)  [O2N-/  \_N02  -f-<(  ]>-N(CIl3)2]  X  niax"'*^^^ 

(XX) 

I 

NO2 

The  molecule  of  p-dinitrobcnzcnc  contains  a  contra- polarized  system  with  a  contra -polarizing  effect,  as 
the  simplified  scheme  (XXI)  given  below  shows. 


•  ~mcans  tliat  and  e  niax  estimated  only  approximately  from  the  bend  in  the  spectrum  curve.  For 

tlie  complexes,  c  has  a  complex  character  due  to  the  presence  of  cciuilibrium  [20). 

••  In  order  to  avoid  tlie  effect  of  side  factors  of  hydrogen  bonds  between  tlie  Nllj  and  NO^  groups  on  the  spectrum. 
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These  contra -forces  lead  to  a  strong  deformation,  unusual  for  the  nitro  group  (analogous  to  tliat  which 
occurs  in  the  molecules  of  quinone  and  biacetyl).  This  deformation  can  also  be  understood  here  as  a  shift  in  the 
microstructure  toward  a  pscudobiradical  structure  (XXII)  with  an  increase  in  electrophilic  tendency.  As  a  result 
we  sliould  find  in  tlie  para-isomer  a  stronger  reaction  with  the  donor  component  than  in  tlie  case  of  the  m-isomer, 
whose  molecule  docs  not  contain  such  a  contra -system,  since  the  two  substituents  do  not  have  a  contra -polarizing 
effect  on  each  other  [see  the  simplified  scheme  (XXlIIa,  b,  c)  given  below]. 


Both  nitro  groups  act  In  unison,  causing  a  shift  of  electrons  in  one  direction,  to  the  nitro  group,  both  In  case 
(XXIIIa)-»  (XXIIIb)  and  In  case  (XXIIIa)  -♦  (XXIIIc).  In  die  m -dinitrobenzene  molecule  there  is  diuS  a  syn-polarlz- 
Ing  system,  that  is,  a  concordant  polarization  as  shown  in  scheme  (XXIII). 

It  was  shown  In  preliminary  semiquantitative  experiments  that  both  isomers  have  molecular  complexes  with 
dlmethylaniline  in  alcohol  solution,  and  the  color  of  the  complex  with  p-dinitrobenzene  is  actually  considerably 
deeper  (orange-red)  dian  diat  of  die  complex  with  m-dinitrobenzene  (orange -yellow).  Further  visual  observations 
showed  that  when  using  alcoholic  solutions  of  mixtufes  of  the  components  with  a  small  excess  of  dlmethylaniline, 
weakly  colored  solutions  were  obtained.  With  increasing  concentration  of  dlmethylaniline  in  the  solution  the  color 
deepened  and  became  more- intense,  but  up  to  definite  limits.  With  a  constant  concentration  of  p-dlnltrobenzene 
(BK)  in  the  solution  of  10‘*  M,  Increasing  concentration  of  dimethylaniline  (AK)  to  4.1  M  caused  a  deepening 
color  and  strengdiening  of  tint  (Table  1,  Nos.  1-5);  further  increase  In  concentration  of  AK  to  7.9  M  (No.  6) 
changed  the  tint  little.  Dilution  of  die  latter  solution  (No.  6)  with  dimediylanillne  causes  a  strong  increase  in 
color  and  a  weakening  in  tint  so  that  at  a  DK  concentration  of  10'*  M  (No.  8)  die  tint  is  close  to  that  of  a  solu¬ 
tion  widi  a  concentration  of  10  *  M  BK  :  2.7  •  lO"*  M  AK  (No.  2).  On  the  odicr  hand,  increase  in  BK  concentration 
to  5  •  10"*  M  causes  further  deepening  and  strengthening  of  the  tint  (Nos.  9  and  10). 

The  results  of  the  preliminary  experiments  showed  that  the  molecular  complex  of  p-diniirobenzene  with 
dlmethylaniline  is  poorly  stable.  In  order  to  shift  the  equilibrium  AK+  BK=^AK-BK]  to  die  right  and  obtain  com¬ 
plete  formation  of  die  complex,  we  had  to  use  solutions  with  a  concentration  of  component  BK  not  less  than  10"*  M 
and  a  great  excess  of  component  AK.  A  similar  effect  was  observed  in  solutions  of  mixtures  of  m-dinitrobonzene 
with  dimediylaniline. 

On  die  basis  of  these  visual  findings  we  used  for  spectroscopic  measurements  solutions  of  m-  (m.  p.  90.5-91*) 
and  p-dlnitrobcnzenc  (m.  p.  173-173.5*)*  in  dimethylaniline  with  a  concentration  of  10"*  and  5  •  10  *  M  and  so¬ 
lutions  of  die  same  substances  in  2(fIo  (by  volume)  solutions  of  dimethylaniline  in  alcohol.  A  summary  of  the  data 
on  position  of  and  c  for  the  starting  components  and  for  the  solutions  of  mixtures  of  the  components  is 

given  in  T able  2. 

The  literature  contains  sufficiently  complete  data  for  the  absorption  spectra  of  m-  and  p-dinitrobenzenes 
only  for  aqueous  solutions  and  in  alcohol  [23a].  We  repeated  die  measurements  of  absorption  spectra  in  alcohol 
solution.  The  absorption  curve  of  p-dinitrobenzene  resembled  die  form  of  the  curve  for  m-dinitrobenzene,  but 
was  shifted  baihocliromically  =  260  mp  against  =  235  mp  for  m-dinitrobenzene)  (Fig.  2)  which 


•Both  preparations  were  purified  by  repeated  crystallizations  from  alcohol. 
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confirms  the  theoretical  assumptions  of  the  presence  of  a 
stronger  chromophore  system  in  the  molecule  of  p-dlnltro- 
benzene.*  The  same  observation  is  made  for  the  absorp¬ 
tion  limit  at  lg€  =  1:  for  tlie  para-isomer  X  =  424  irifi 
while  for  die  meta -isomer,  X  =  405  mp .  The  very  Intense 
band  of  p-dinitrobenzenc  at  260  mp  is  evidently  connected 
with  the  polar  shift  shown  above  in  formulas  (XXlb)  and 
(XXIc)  (as  distinguished  from  the  slight  intensity  of  die 
bands  of  quinone  and  biacetyl  in  the  visible  region). 

Measurement  of  die  absorption  of  diitiediylanlllne 
with  respect  to  water  showed  (in  agreement  with  the  liter¬ 
ature  data)  that  absorption  is  practically  absent  at  wave- 
lengdis  greater  than  340  m/i .  The  same  thing  was  observed 
in  207o  alcoholic  solutions  of  dimcthylaniline. 

Measurements  of  solutions  of  m-  and  p-dinltrobenzenes 
in  dimcthylaniline  (and  in  2Cr/o  solutions  of  the  latter  In 
alcohol)  were  carried  out  with  respect  to  dimediylanillne 
(and  correspondingly  with  respect  to  207o  solutions  of  the 
latter  in  alcohol)  at  wavelengdis  from  330  to  800  mp  , 
since  at  lesser  wavelengths  the  considerable  absorption  of 
dirnediylanilinc  hindered  the  measurements.  On  the  ab¬ 
sorption  curves  (4  and  5,  Fig.  3)  for  solutions  of  m-dlnitro- 
benzcnc  in  dimcthylaniline  at  concentrations  of  10'*  and 
5  •  10'*  M  there  was  sufficiently  close  agreement  between 
the  individual,  well  formed  bands  with  X  =  389  mp 
and  =  1180  which  correspond  to  die  absorption  of  die  molecular  complexes,  since  in  the  region  of  the  maxi¬ 

mum  the  absorption  coefficient  of  m-dinitrobenzeno  itself  is  c  =  28  and  dimcthylaniline  docs  not  absorb  at  all. 

The  absorption  curve  extends  furdier  (to  680  mp )  in’  the  long‘wave  part  of  the  spectrum. 

The  absorption  spectra  of  solutions  of  p-dinitrobcnzenc  in  dimcthylaniline  with  concentrations  of  10  *  and 
5  •  10'*  M  (1,  2,  Fig.  3)  agree  almost  completely  with  each  other.  On  both  absorption  curves  dicre  are  well 
formed  bands  of  the  absorption  of  the  complex  (in  the  region  of  the  maximum  neither  starting  component  absorbs) 
with  Xjnax  ~  '1^6  m/i  and  Crnax  ^bout  720.  The  absorption  curve  extends  in  diis  case  still  farther  into  the  long¬ 
wave  part  of  die  spectrum  (to  740-770  mp),  reaching  die  infrared  region.  Thus,  for  die  complex  of  p-dl- 

nitrolienzenc  with  dimediylanillne  shows  a  bathochromic  shift  of  ~67  mp  compared  to  X^ax  fot  the  m-dlnitro- 
benzenc  complex,  which  fully  confirms  our  theoretical  ideas  and  die  accuracy  of  die  method  of  analysis  by  struc¬ 
tural  conditions. 

Since  with  increasing  concentration  of  the  dinitro  compounds  in  dimcthylaniline  from  10’*  to  5  •  10’*  M 
no  deviation  from  necr's  law  is  found  for  citlicr  complex  in  eidicr  die  position  of  the  maximum  or  die  course  of 
the  long-wave  part  of  die  curve,  we  can  consider  that  the  equilibrium  AK  +  BK  =^fAK/^BK)  is  shifted  fully  to  the 
right  even  at  concentrations  of  10’*M.  Tlie  absorption  spectra  of  solutions  of  m-  and  p-dinitrobcitzene  with  con¬ 
centrations  of  lO’*  M  in  207o  alcoholic  solutions  of  dimcthylaniline  have  a  somewhat  different  character,  which 
is  explained  by  the  considerable  dissociation  of  die  complex.  Thus,  the  absorption  curve  for  the  solution  of  m- 
dinitrobenzene  has  no  maximum  at  all  and  occurs  much  lower  than  die  curve  for  die  solution  in  pure  dimcthyl- 
ariiliiic,  and  on  the  absorption  curve  for  the  solution  of  p-dinitrobeiizcne  tlicre  is  a  diffuse  maximum,  but  Xjj^jjx 
shows  a  hypsochromic  shift  in  the  region  445  mp  and  c  decreased  to  244.  Thus,  die  complex  of  p-dinltro- 

bcnzenc  widi  dimctliylanilinc  has  a  higher  stability  compared  to  the  m-diniirobenzdnc  complex,  which  also  agrees 
with  die  above  dieorctical  ideas. 

These  facts  arc  of  great  interest  from  the  viewpoint  of  the  dieory  of  the  connection  of  color  widi  polar 


•This  is  also  confirmed  by  the  observation  of  Valyashko  [24]  fo^  die  absorption  spectrum  in  ligroin:  for 

p-dinitrobenzene  is  254  mp  and  for  m-dinitiobenzcne  238  m^i . 


X 

Fig.  3.  Absorption  spectra. 

1)  p- Dinitrobenzene  in  dimethyl- 
aniline  at  5  •  10’*;  2)  die  same 
at  10’*;  3)  p-dinitrobenzene  in 
2(f1o  alcoholic  dimediylanlline  at 
10'*;  4)  m-dinltrobenzene  in  dl- 
mcthylaniline  at  5  •  10’*;  5)  the 
same  at  10"*;  6)  m-dinltrobenzene 
in  2(fh  alcoholic  dimethylanillne 
at  10’*. 
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electron  shifts  [2,  3].  There  is  a  very  widespread  opinion  that  a  stronger  baihochromic  shift  occurs  in  the  spectra 
In  the  case  where  there  arc  conditions  in  the  molecule  for  shifting  the  structure  toward  an  intra-ionoid  structure 
(for  example,  for  XXIV);  this  is  insufficient  and  requires  correction. 

(XXIV)  *~02N-^  ^^Nlla*'' 

Deepening  of  color  can  thus  be  found  not  only  in  tlic  presence  of  opposite  polar  groups,  but  also  of  groups 
with  tlie  same  polarity  which  form  contra-systems.  In  this  case  the  idea  of  the  effect  on  color  of  the  intra-ionoid 
structure  Is  not  sufficient  and  is  even  incorrect.  The  whole  matter  lies  in  those  electronic  shifts  which  occur  In 
Irradiation  of  tlic  molecule  by  light,  that  is.  In  tlic  change  from  ground  to  excited  state.  Attempts  to  represent  such 
an  excited  state  by  any  simple  change  of  one  suuctural  formula  to  another  cannot  be  considered  satisfactory.  In 
the  transfer  to  the  excited  state  we  deal  with  finer  transformations,  namely  the  transfer  of  one  microstructure  Into 
another  which  often  cannot  be  expressed  by  a  suuctural  formula. 

SUMMARY 

1.  The  spectrum  of  p-dinitrobenzene  undergoes  a  bathochromic  shift  compared  to  the  speetrum  of  the  meta- 
*5omcr.  A  still  stronger  bathochromic  shift  of  die  spectrum  occurs  in  the  molecular  complex  [p-(OjN)2C5H4+ CgHsNMej] 
compared  to  die  analogous  complex  with  the  m-dinitrobenzene. 

2.  The  Kauffmann  rule  of  the  stronger  badiochromic  effect  for  systems  with  two  electron  donor  groups  In  the 
para-position  as  compared  to  the  analogous  meta-system  is  widened  :  two  electrophilic  chromophores  in  die  para- 
position  also  give  a  stronger  bathochromic  effect  than  in  the  case  of  the  meta -position. 

3.  The  explanation  of  this  effect  Is  given  from  the  viewpoint  of  a  shift  in  the  microstructures  of  the  chromo- 
phore  systems  as  a  result  of  the  contra -polarizing  effect. 
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THE  VINYLATION  OF  HYDROBENZOIN 
II.  MONOVINYL  ETHERS 
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As  a  method  for  obtaining  simple  vinyl  ethers  by  direct  combination  of  acetylene  with  alcohols  [1]  we 
syntlieslzed  dlvlnyl  ethers  of  hydrobenzoin  [2,  3]  which  as  tetrafunctlonal  compounds  In  tlie  presence  of  Ions  of 
catalyst  form  polymers  [3].  In  order  to  obtain  new  monomers  which  would  give  solid,  soluble  resins,  we  have 
vinylated  monoalkyl  ethers  of  hydrobenzoin  (II)  prepared  from  etliers  of  benzoin  (I)  by  reduction  with  lithium 
aluminum  hydride.  When  tJie  vinyl  etliers  are  hydrogenated  over  skeletal  nickel  they  are  transformed  almost 
quantitatively  Into  ethyl  ethers  (IV). 


C,ll5-Cn-CO-C„lf5  — CeHsCH-CnOH-Ce"-,  — ^ 

•  I 

no  no 

(t)  (II) 

C,H6-Cll-CH-C6"5  CBHB-CII-CH-CeHs 

II  II 

no  och=ch2  no  OC2H5 

(III)  (IV) 

(la  -IVa»  R  =  CH,;  (I  b-ivb;  R  =  C,H,. 


Polymerization  of  the  monovlnyl  ethers.  Initiated  by  boron  fluoride,  was  carried  out  In  dloxane  solution, 
since  attempts  to  obtain  colorless,  transparent  resins  from  melted  monomers  were  unsuccessful  and  were  accom¬ 
panied  by  destruction  and  darkening. 

The  starting  benzoin  ethers  were  obtained  by  etherification  of  benzoin  with  the  corresponding  alcohol  (methyl, 
ethyl)  saturated  witli  dry  hydrogen  chloride  [4-7].  The  reaction  required  heating  to  60-70*  for  6-8  hours.  Reduc¬ 
tion  of  the  methyl  [7]  and  ethyl  ethers  of  benzoin  by  lithium  aluminum  hydride  was  carried  out  to  give  consider¬ 
able  quantities  of  pure  hydrobenzoin  etliers.  The  use  of  aluminum  isopropylate  and  isopropyl  alcohol  for  this  pur¬ 
pose  gave  mixtures  of  hydrobenzoin  and  isohydrobenzoin  ethers  which  were  difficult  to  separate. 

EXPERIMENTAL 

Hydrobenzoin  Methyl  Ether  (Ila).  To  a  solution  of  lithium  aluminum  hydride  obtained  [8]  from  6.5  g  LiH 
and  53.3  g  AlBrs  iii  200  ml  of  dry  etlier  was  added  by  drops  in  the  cold  an  ether  solution  of  45.3  g  of  benzoin  methyl 
ether  with  m.  p.  47-48.5*  [7];  tlie  mixture  stood  a  day  at  room  temperature  and  tlien  was  hydrolyzed  by  30  g  of 
sulfuric  acid  in  300  ml  of  water  and  diluted  with  water  to  full  solution  of  the  precipitate.  The  ether  layer  was 
washed  with  a  solution  of  soda,  with  water,  was  dried  over  sodium  sulfate,  filtered,  and  evaporated.  The  yield  of 
metliyl  ether  of  hydrobenzoin  with  m.  p.  97-100*  was  43.7  g  (95.67o);  it  was  twice  recrystallized  from  llgroln  and 
then  melted  at  100.5-101.5*.  According  to  the  literature  [7]  it  melts  at  101-102*. 
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Hydrobenzoin  Ediyl  Ether  (Ilb).  In  the  same  way,  from  48.1  g 
of  benzoin  ethyl  ether  witli  m.  p.  59.5-61'  [4]  we  obtained  41.4  g 
(85. 9To)  of  hydrobenzoin  ethyl  ether  witli  m.  p.  49.5-52.5*  Purifica¬ 
tion  was  carried  out  by  solution  in  a  small  amount  of  warm  (30*) 
benzine,  upon  which  about  1  g  of  hydrobenzoin  remained  In  the 
precipitate  and  was  Identified  by  mixed  melting  point;  the  ether, 
three  times  recrystallizcd  from  isooctanc, consisted  of  fine,  colorless 
prisms  and  melted  at  54.5-55.5*. 

Found ‘7o:  C  79.21,  79.25;  H  7.34,  7.37;  OC^Hs  18.20,  18.34. 
CieHisOr-  Calculated ‘fo;  C  79.31;  H  7.49;  OCtHs  18.60. 

Hydrobenzoin  Metliyl  Vinyl  Ether  (Meso-a-me^hoxy-a*-vlny^- 
oxydibcnzyl)  (Ilia).  In  a  rotating  autoclave  was  placed  45.7  g  of 
hydrobenzoin  metliyl  ether,  150  ml  of  dry  toluene,  and  sodium  ethyl¬ 
ate  obtained  from  2.3  g  of  sodium.  The  initial  pressure  of  acetylene 
was  18  atm  (15*),  ilte  reaction  temperature  190*,  the  time,  5  hours. 

The  reaction  mixture  was  a  brown  liquid  with  a  fine  precipitate. 

After  filtration,  the  mixture  was  distilled.  From  the  fraction  with 
b.  p.  105-115*  (1.5  mm)  tlicre  precipitated  on  standing  36.2  g  (71.1*79) 
of  fine  needle  crystals  with  m.  p.  58-60*.  The  purified  hydrobenzoin 
methyl  vinyl  etlier  melted  at  62-62.8*  and  was  crystallized  from  Iso- 
octane  in  the  form  of  long,  adhering  sword -shaped  crystals. 

Found  *79:  €  80.16,  80.28;  H  6.99,  7.0a  M  250.9.  CnHigOi. 
Calculated  C  80.28;  H  7.13.  M  254.3. 

Content  of  vinyl  etlier  according  to  acetaldehyde  (method  of 
hydrolytic  oximation  [1])  (%);  C17H18O2  98.91,  98.41. 

Vinylation  of  22.8  g  of  hydrobenzoin  methyl  ether  in  200  ml 
of  toluene  with  4.6  g  KOH  at  180*  for  6  hours  gave  7.3  g  (28.779)  of 
tlic  vinyl  etlier  and  much  tar;  the  same  process  at  150*  did  not  give 
the  vinyl  etlier. 

Hydrolysis.  We  hydrolyzed  2.54  g  of  liydrobenzoin  methyl 
vinyl  ether  by  heating  15  hours  at  65-70*  with  307o  alcoholic  solution 
of  liydroxylaminc  hydrochloride  (to  remove  the  acetaldehyde).  After 
evaporation  we  isolated  1.68  g  (13.Tlo)  of  crystals  of  hydrobcnzoln 
methyl  ether  with  m.  p.  99-100*,  identified  by  mixed  melting  point. 

Hydrogenation.  The  methyl  vitiyl  ether  of  hydrobenzoin,  5.08  g, 
was  shahcii  in  300  ml  of  alcohol  with  0.4  g  of  skeletal  nickel.  It 
absorbed  515  ml  of  hydrogen  (14*,  756  mm),  that  is,  1077°  of  the 
tlicorctical.  We  isolated  from  the  solution  4.80  g  (93.7^0)  of  hydro- 
benzoin  metliyl  ethyl  ether  (mcso-a-mcthoxy-a*-ctlioxydibenzyl) 
(IVa)  in  tlie  form  of  very  long,  fine  needles  whicli  after  three  re- 
crystallizations  from  isooctanc  melted  at  62.6-63.5*  A  mixed  test 
witli  tlie  unhydrogenated  product  melted  at  56-60*. 

Found  *7o:  C  79.42,  79.59;  H  7.79,  7.74.  CnHijOj.  Calcu¬ 
lated  *70:  C  79.65;  H  7.86. 

Polymerization.  To  10.16  g  of  the  vinyl  ether  in  12  ml  of  dry 
dioxanc  was  added  at  -5*  witli  stirring  four  drops  of  a  5079  solution  of 
BF3  ethyl  ctlicratc  in  etlier.  Thickening  bega*;  wlicn  the  mixture 
reached  10*  with  an  induction  period  of  about  1.5  hours.  Thirty 
minutes  later  the  mixture  was  treated  witli  2  g  of  powdered  potash. 
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On  tlic  next  day  die  solution  was  filtered,  die  polymer  was  precipitated  with  methanol,  dissolved  In  hot  Isobutyl 
alcohol,  and  reprccipitated  with  fractionation  by  cold  ediyl  alcohol.  After  numerous  washings  with  hot  ethanol, 
the  resin  was  dissolved  in  ether  and  dried  in  a  vacuum  to  constant  weight  at  70*.  The  analytical  data  and  some 
properties  of  the  two  main  fractions  arc  given  in  the  table.  Benzene  or  ether  solutions  of  the  polymer  when  dried 
give  on  diick  paper  a  water  stable  film  of  a  lacquer  type,  clastic  at  room  temperature  but  brittle  in  die  cold. 

Hydrobenzoin  Ethyl  Vinyl  Edicr  (Meso-a-ethoxy-a*-vinyloxydibcnzyl)  (lllb).  Vinylatlon  of  60.6  g  of  hydro- 
benzoin  ctliyl  ether  in  200  ml  of  toluene  widi  sodium  ediylate  from  2.8  g  of  sodium  for  5  hours  at  170-180*  and 
an  initial  acetylene  pressure  of  18  atm  gave  after  vacuum  distillation  and  separation  of  die  crystals  44.8  g  (66.7^o) 
of  hydrobenzoin  ethyl  vinyl  edier  with  rn.  p.  58-59.5*.  Further  purification  gave  a  product  with  m.  p.  60.5-61.5* 

In  the  form  of  very  large,  long  prisms  (from  isooctanc).  Easily  soluble  in  warm  and  poorly  soluble  in  cold  alcohol 
and  benzine. 

Found C  80.49,  80.44;  H  7.29,  7.35.  M  265.2.  CigHtoOj.  Calculated  C  80.56;  H  7.51.  M  268.3. 

Content  of  vinyl  ether  according  lo  acetaldehyde  (%):  CkHjqO]  98.49,  99.16. 

Hydrolysis  gave,  from  2.68  g  of  vinyl  ether,  2.03  g  (83.95^)  of  the  original  hydrobenzoin  ethyl  ether  with 
m.  p.  53-54.5*,  shown  by  mixed  melting  point. 

Hydrogenation.  Vinyl  ether,  2.68  g,  over  skeletal  nickel  (0.2  g)  in  alcohol  absorbed  245  ml  of  hydrogen 
(14*’,  758  mm),  diat  is,  1027o  of  die  theoretical,  and  gave  2.41  g  (89.27<»)  of  nieso-a /x'-diethoxydibenzyl  (IVb) 
with  m.  p.  64-65*;  after  purification  the  m.  p.  was  65-65.7*.  A  mixed  melting  point  with  a  known  preparation 
[2]  gave  no  depression  of  melting  point.  The  literature  gives  m.  p.  66-66.3*  [2,  3). 

Polymerization  and  purification  of  the  resulting  fractions  of  the  resin  did  not  differ  from  the  description 
above;  die  data  of  analysis  and  properties  of  the  polymer  are  given  in  die  table.  The  reaction  mixture  contained 
9.20  g  of  a  vinyl  edier,  12  ml  of  dioxanc,  and  4  drops  of  a  5Cf7o  solution  of  BFg  •  (CjH5)20  in  ether.  The  induction 
period  at  10*  lasted  about  2  hours. 


SUMMARY 

1.  We  have  vinylated  the  monomethyl  and  monoethyl  ethers  of  hydrobenzoin. 

2.  We  have  obtained  new  soluble  resins:  polyvinylmethyl  and  polyvinylethyl  ethers  of  hydrobenzoin. 

LITERATURE  CITED 

1.  M.  F.  Shostakovskfi,  Simple  Vinyl  Ethers  [in  Russian]  Izd.  AN  SSSR  (1952). 

2.  B.  I.  Mikhant'ev  and  L.  P.  Pavlov,  Zhur.  Obshchei  Khim.  487  (1958).* 

3.  L.  P.  Pavlov,  Trudy  VGU  (1957)p.  113. 

4.  E.  Fischer,  Ber._^,  2412  (1893). 

5.  J.  C.  Irwine  and  J.  Weir,  J.  Cliem.  Soc.  1384  (1907). 

6.  J.  C.  Irwine  and  D.  McNicoll,  J.  Chem.  Soc.  93^,  1601  (1908). 

7.  C.  L.  Stevens,  M.  L.  Weiner,  and  R.  C.  Freeman,  J.  Am.  Chem.  Soc.  75,  3977  (1953). 

8.  E.  Wiberg  and  M.  Schmidt,  Z.  Naturforsch.  7,  59  (1952);  English  patent  707851  (1954);  C.  A.  13181 
(1954). 


•Original  Russian  pagination.  See  C.  B.  translation. 


428 


CATALYTIC  TRANSFORMATIONS  OF  HETEROCYCLIC  COMPOUNDS 


LV.  THE  SYNTHESIS  OF  2,5-DIMETHYL-3-ALKYL-  AND  2,5-DIMETHYL-3-ARYLTHIOPHANES 

Yu.  K.  Yur’ev  and  G.  Rozantsev 
Moicow  State  University 

Translated  from  Zhiirnal  Obshchel  Khlmll,  Vol.  30,  No.  2,  pp.  406-410, 

February,  1960 

Original  article  submitted  February  26,  1959 


In  previous  work,  one  of  us  [1]  has  shown  that  homologs  of  furanldlne  with  different  structures,  when  acted 
upon  by  hydrogen  sulfide  In  the  presence  of  aluminum  oxide  at  raised  temperature,  are  transformed  Into  the  cor¬ 
responding  hoinologs  of  thiophane  (tetrahydrothiophene).  When  the  length  of  the  alkyl  side  chain  In  the  initial 
a-  or  6 -alkylfuranidincs  was  changed  from  Cj  to  Cg,  the  yield  of  the  corresponding  tlilophanc,  and  hence  also  the 
stability  of  the  intermediate  1 .4-mercaptohydroxy  compound,  was  not  essentially  changed.  In  the  case  of  catalytic 
transformation  of  tlie  2,5-dialkylthioplianes  there  was  a  sharp  difference  in  yield  of  2,5-dimeiltylthiophane  {GSTlo) 
and  2,5-dletliylthiophane  which  could  not  be  explained  merely  by  a  difference  in  tlie  induction  effect  of  the 

a-alkyl  radicals. 


a 


Fig.  1.  Models  of  the  molecule  of  2,5-dimethylfuranldlne 
(a)  and  of  2,5-dicthylfuranidine  (b),  constructed  with  con¬ 
sideration  of  the  covalent  radius  according  to  Pauling  [14], 
where:  1)H,  2)0,  3)C. 


C  0 


In  the  catalytic  transformation  of  2,5-dimcthyl-  and  2,5-diethylfuranidines  by  dehydration  of  the  Inter¬ 
mediate  two  1, 4-mercaptohydroxy  compounds,  2-hydroxy-5-mercaptohexanc  and  the  corresponding  3-hydroxy-6- 
mercaptooctane,  the  reactions  should  proceed  with  about  the  same  ease  and  not  produce  any  particular  difference 
in  the  yield  of  the  final  product  of  the  dehydration.  At  the  same  time,  the  particular  difference  in  degree  of 
screening  the  2,5-positions  of  the  furanidine  ring  by  tlie  corresponding  alkyl  substituents,  methyl  (Fig.  1,  a)  and 
ethyl  (Fig.  1,  b),  can  be  considered  important  in  the  orientation  and  adsorption  of  the  molecule  on  the  active 
centers  of  the  catalyst  with  later  formation  of  tlie  multlplet  complex  (Fig.  2). 
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Fig.  2.  Adsorption  of  a  molecule  of  2,5- 
dlalkylfuranldlne  on  the  surface  of  the 
catalyst  witli  formation  of  a  multiplet  com¬ 
plex  (the  stars  denote  the  active  centers  of 
the  catalyst). 


Pig.  3.  Model  of  the 
molecule  of  2,2-dl- 
methylfuranldlne. 


Fig.  4.  Model  of  the  molecule  of  2,2,5,5-teUamethylfuranidine 
(a)  and  2,2,5,5-tetraethylfuranldlne  (b). 


Fig.  5.  Adsorption  of  a  molecule  of  2,5- 
dImethyl-3-butylfuranidine  on  the  sur¬ 
face  of  a  catalyst  and  the  occurrence  of 
a  stetic  effect  on  the  C  atom  of  the  fura- 
nldlne  ting. 


In  the  case  of  2,2-dlmethylfuranIdIne,  the  yield  of 
the  corresponding thiophane  is  27^0  [2]  which  Is  explained 
by  the  great  steric  effect  of  the  two  methyl  groups,  which 
completely  screen  position  2  of  the  furanidlne  ring  (Fig. 3). 

As  a  result  of  this,  adsorption  of  the  molecule  of 
2,2-dImethylfuranIdIne  on  the  surface  of  the  catalyst  by 
the  1,2-posItlon  of  tlie  ring  Is  excluded,  and  the  formation 
of  a  multiplet  complex  [3]  can  occur  only  In  the  1,5-posl- 
tlons  of  the  furanidlne  molecule.  This  halves  the  possibility 
of  forming  the  Intermediate  l,4-mcr9aptohydtoxy  compound 
(and  hence  also  the  yield  of  2,2-dlmethylthiophane)  as 
compared  to  2,5-dimethylfuranidine.  Another  reason  for 
the  decrease  In  yield  of  2,2-dlmeihylthIophane  Is  the  re¬ 
lative  Instability  of  the  primary-tertiary  mercaptohydroxy 
compounds  which  can  be  dehydrated  In  two  directions. 

In  the  case  of  the  catalytic  transformation  of  2, 2,5,5- 
tetraalkylfuranldlnes  the  steric  effects  of  tlte  alkyl  groups 
are  so  great  (Fig.  4,  a  and  b)  that  the  reaction  of  catalytic 
transformation  into  the  corresponding  homologs  of  thlo- 
phane  does  not  occur,  and  only  a  mixture  of  diene  hydro¬ 
carbons  Is  obtained  [4,  5]. 


In  our  previous  work  [6]  on  the  catalytic  transformation  of  2,5-dImethyl-3-alkylfuranldInes  by  the  above 
method  [1],  we  obtained  die  simplest  of  the  2,5-dimethyl-3-alkylthIophanes  (the  alkyl  was  CHj,  CjHs,  CSH7). 
Because  of  the  blocking  action  of  die  mediyl  groups  in  the  2,5-positIon  In  the  furanidlne  ring,  Increase  in  the 
alkyl  radical  in  position  3  from  mediyl  to  propyl  had  no  effect  on  die  yields  of  the  corresponding  diiophane  homo- 
logs,  which  were,  respectively,  56,  56.5,  and  527o.  This  experimental  fact  indicates  thatinthis  case  the  induction 
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Constants  and  Yield  of  2,6-Ditneihyl-3-alkyl  (or  Aryl)  Thiophanes. 


Compound 

B.p. 

(press  In 
mm) 

■ 

H 

Mlig 

Yield 

%  S 

1 

1 

found 

calc. 

I0 

found 

calc. 

2,5-Dfmethyl-3-btitylthio- 

phane 

210-211® 

(7/.8) 

1.4757 

0.8930 

54.40 

54.18 

26 

18..34. 

18.37 

18.61 

2,5- Dimethyl- 3-isobutyl - 
thiophane 

208-209 

(752) 

1.474(1 

0.8922 

54.27 

54.18 

36 

18.33, 

18.31 

18.61 

2, 5 -Dime  thy  1-3- amyl- 
diiopliane 

237-238 

|7ti5) 

1.4734 

0.8868 

58.99 

58.80 

22 

16.96. 

16.97 

17.20 

2,5-Dimedivl-3-lso- 

amylthiophane 

233-234 

1752) 

1.4736 

0.8862 

59.07 

58.80 

19 

16.91, 

1(5.93 

17.20 

2, 5- Diineiliy  1-3-cyclo¬ 
hexyl  thiophane 

117-118 

(10) 

1.5510 

1.0102 

62.05 

61.71 

35 

15.80, 

1.5.79 

16.16 

2,6-Dimethyl-3-phenyl- 

thiophane 

95-9G 

(3) 

1.5(550 

1.02(50 

61.05 

60.20 

11, 20* 

16.29, 

lt5..34 

16.67 

2,5 -Dimethyl- 3- benzyl - 
thiophane 

111-112 

(3) 

1.5300 

0.9783 

65.15 

61.86 

21,41* 

1.5.22, 

15.29 

15.54 

Fig.  6.  Trans-2,5-dImethyl- 
3-biitylfuranidlne. 


effect  of  tlie  alkyl  radical  in  tlie  B -position  of  the  furanldine  rings  scarcely  exists. 

In  the  present  work  wc  have  studied  the  effect  of  fiirtlier  Increase  In  the  alkyl  radical  In  the  B -position  of 
die  furanldine  ring,  and  also  tlie  degree  of  branching  of  diis  radical  in  the  course  of  catalytic  transformation  of 

2.5- dlmctliyl-3-alkylfuranldlnes  [7]  Into  2,5-diinetliyl-3-alI<ylthiophaiies.  We  have  shown  that  when  we  pass 

2.5- dIrnethyl-3-butylfuranidIne  over  aluminum  oxide  in  a  stream  of  hydrogen  sulfide  at  330*,  2,5-dlmethyl-3- 
butylthiophane  is  obtained  with  sharply  decreased  yield,  about  2(!7o.  Further  increase  in  the  alkyl  radical  in  the 
3-posItIon  of  the  furanldine  ring  causes  still  more  decrease  In  die  yield  of  the  corresponding  ihlophane  homolog. 
Sucli  results  can  evidently  be  explained  by  the  sterlc  effect  of  the  alkyl  radical  in  the  B -position  of  the  furanldine 
ring  oil  the  stage  of  formation  of  the  Intermediate  l.-l-mercaptohydroxy  compound  [8]. 


IbC- 


n,s 


/'  ■ 

II3G- 

-C113 

1.  SllOH 

-H.O 

M3C- 


rt 


ciu 


The  formation  of  die  latter,  in  accord  widi  the  niultiplet  dieory  of  A.  A.  nalaiidin  [31.should  occur  By  an 
edge  mechanism  (like  most  catalytic  reactions  which  take  place  on  the  surface  of  oxide  catalysts).  It  is  very 
likely  tliat  under  the  influence  of  valence  chemical  forces  of  the  crystal  lattice  of  the  catalyst  a  sufficiently  long 
hydrocarbon  chain  is  oriented  in  a  definite  way  to  tlie  surface  of  the  catalyst,  preferably  assuming  the  gauche 
configuration.  Increase  in  temperature  makes  this  process  easier,  since  even  in  the  absence  of  a  directing  action 
of  the  catalyst  the  percent  content  of  unfolded  form  of  the  hydrocarbon  chain  (trans-configuration)  decreases  with 
rising  temperature  because  of  the  occurrence  of  an  amount  of  die  gauche  configuration  (9,  10]. 


•Catalyst,  thorium  dioxide  on  aluminum  oxide  (23'Io  thorium  dioxide). 
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In  the  case  of  2,5-cIlmctliyl-3-butylfuranIcline  because  of  the  free  rotation  of  the  atoms  around  llie  bonds 
which  He  at  an  angle  of  109*5*  tlic  w -carbon  atom  of  the  alkyl  substituent  In  the  6 -position  of  the  furanldlne  ring 
may  be  adsorbed  on  the  active  centers  of  die  catalyst  surface  along  with  the  oxygen  atom  of  ting  A  (Fig.  6).  This 
makes  difficult  tlie  formation  of  a  multiplct  complex  which  includes  tlie  oxygen  atom  and  tlie  carbon  atom  "C" 
from  position  2  in  tlie  furanldlne  ring. 

As  a  result  of  tlie  stcrlc  effect  of  the  tu-carbon  atom  of  the  alkyl  chain  in  position  3  tlicre  is  to  a  definite 
degree  an  effect  analogous  to  that  of  a  second  mctliyl  group  in  position  2  of  the  ring,  as  occurs  in  2,2-dimethyl- 
furanldine.  It  should  be  noted,  however,  that  tlie  resulting  conformation  of  the  molecule  of  2,5-dimethyl-3- 
alkylfuranidincs  is  explained  not  only  by  tlie  specificity  of  action  of  tlie  valence  chemical  forces  of  the  catalyst 
surface  at  the  moment  of  contact,  but  also  by  tlie  initial  stereochemical  configuration  of  tlie  molecules.  Actually, 
the  stcrlc  effect  of  the  alkyl  radical  in  the  6 -position  of  the  ring  can  evidently  appear  only  when  tlie  alkyl  radicals 
In  the  neighboring  a-  and  B -positions  of  the  starting  molecule  of  furanidine  occur  in  the  trans-position  (Figs.  6  and 
6). 

With  a  different  initial  configuration  (a  -  and  6-radicals  in  the  cis-position)  because  of  the  screening  action 
of  the  a-meifiyl  group  (Fig.  7)  the  steric  effect  of  the  alkyl  radical  in  the  6 -position  should  not  occur. 

Since  statistically  about  half  of  all  the  reacting  molecules  are  in  tlie  •simple"  form  (Fig.  7),  the  yield  of 
2,5-dimcthyl-3-butylthiophane  in  the  case  of  the  transformation  of  2,5-dimcthyl-3-butylfuranidine  naturally  falls 
to  about  half  that  found  in  the  transformation  of  2,5-dimethyl-3-propylfuranidinc.  In  tlie  case  of  die  catalytic 
transformation  of  2,5-dimethyl-3-propylfuranidinc  the  steric  effect  of  the  (j-carbon  atom  of  die  alkyl  radical  in 
tlie  6 -position  of  the  rit^  docs  not  occur  because  of  the  lack  of  length  of  this  alkyl  chain. 

As  to  the  catalytic  preparation  of  2,5-dimethyl-3-atylthiophanes,  we  have  already  observed  in  the  analogous 
synthesis  of  the  slinpler-in-structure  3-arylthiophancs  a  side  formation  of  aryl  alkenes  of  the  styrene  type  [11,  12]. 
This  occurs  by  dcliydration  and  splitting  of  hydrogen  sulfide  from  the  intermediate  1,4-mercaptohydroxy  compound 
with  die  formation  of  the  energetically  more  favorable  structure.  In  our  study  of  the  more  complex  case  of  die 
catalytic  transformation  of  2,5-dimethyl-3-arylfuranidines  under  tlie  action  of  hydrogen  sulfide,  die  formation  of 
aromatic  hydrocarbons  with  unsaturated  side  chains  then  becomes  the  chief  direction  of  the  process.  Thus,  for 
example,  2,5-dimcthyl-3-phenylthiophanc  under  our  reaction  coiiJitions  is  obtained  in  a  yield  of  only  ll'7o, 
and  2,5-dlmediyl-3-p-tolyhhiopliane  cannot  be  isolated  in  die  pure  form  at  all. 

With  the  use  of  thorium  dioxide  on  aluminum  oxide  as  the  catalyst  [13]  we  can  raise  the  yield  of  2,5-di- 
methyl-3-benzylthfophanc  from  21  to  41*70  and  of  2,5-dlmediyl-3-phenylthiophane  to  2(ffo. 

EXPERIMENTAL 

The  catalytic  transformation  of  2,5-dimeihyl-3-alkyl  or  2,5-dlmethyl-3-arylfuranldlnes  into  die  correspond¬ 
ing  2,5 -dimethyl- 3-alkyl  (or  aryl)  thiophanes  was  carried  out  in  a  strong  stream  of  hydrogen  sulfide  in  the  presence 
of  aluminum  oxide  or  thorium  dioxide  on  aluminum  oxide  at  330*;  the  volume  rate  was  0.3  hours'*.  After  the 
usual  treatment  of  the  catalyst  [11,  12],  the  reaction  product  was  fractionated  in  a  vacuum.  The  constants  and  yields 
of  the  diiophane  homologs  obtained  in  this  way  are  given  in  the  table. 

SUMMARY 

1.  Under  the  conditions  of  catalytic  transformation  of  oxygen  containing  heterocyclic  compounds  into  sulfur 
containing  heterocycles  in  the  change  from  2,5-dimediyl-3-propylfuranidine  to  2,5-dimethyl-3-butylfuranidine 
there  is  a  decrease  in  yield  of  2,5-dimethyl-3-butylthiophane  because  of  a  steric  effect  of  the  alkyl  group  on  the 
6 -position  of  die  furanidine  ring. 

2.  In  die  example  of  die  transformations  of  2,5-dimethyl-3-phenyl  and  2,5-dimethyl-3-benzylfuranidines 
Into  the  corresponding  diiophanes  it  is  shown  that  thorium  dioxide  on  aluminum  oxide  is  a  more  effective  catalyst 
for  this  reaction  dian  aluminum  oxide. 

3.  The  catalytic  transformations  of  2,5-dimcthyl-3-alkyl  (or  aryl)  furanidines  give  the  following  homologs 
of  thiophane  which  are  not  described  in  the  literature;  2,5-dimediyl-3-butyl-,  3-isobutyl-,  3-amyl,  3-isoamyl-, 
3-cycloliexyl-,  3-benzyl-,  and  3-phenyldiiophane. 


432 


LITERATURE  CITED 


1.  Yu.  K.  Yur'ev  and  M.  D.  ProkIna,  Zhur.  Obshchcl  Khim.  7,  1868  (1937);  Uch.  Zap.  MGU  175,  159  (1956). 

2.  Yu.  K.  Yur'ev,  G.  Ya.  Kondrat'cva,  and  P.  A.  Akisliln,  Zhur.  Obshchei  Khim.^,  1944(1953).* 

3.  A.  A.  Balandin  and  N.  N.  Brusov,  Zhur.  Obshchei  Khlm.  7,  18  (1937);  A.  A.  Balandin,  Izv.  Akad.  Nauk  SSSR, 
Otdcl  Khim.  NaukJ,  21  (1942);  A.  A.  Balandin,  O.  K.  Bogdanova,  and  A.  P.  Shcheglova,  Izv.  Akad.  Nauk 
SSSR,  Otdel  Khim.  NaukJ^,  79  (1941);  A.  A.  Balandin,  Uspekhi  Khim.  10,  262  (1941). 

4.  Yu.  K.  Yur’ev,  G.  Ya.  Kondrat'cva,  and  A.  A.  Derbeneva,  Uch.  Zap.  MGU  132,  216(1950). 

5.  Yu.  K.  Yur’ev,  G.  A.  Kondrat’cva,  P.  A.  Akishin,  and  A.  A.  Derbeneva,  Zhur.  Obshchcl  Khim.  339  (1952).* 

6.  Yu.  K.  Yur’ev,  E.  G.  Rozantsev,  and  S.  N.  Godovikova,  Vestnik  MGU 2,  183  (1958). 

7.  Yu.  K.  Yur’ev,  E.  G.  Rozantsev,  and  B.  G.  Gribov,  Zhur.  Obshchcl  Khim.  3867  (1959).* 

8.  Yu.  K.  Yur’ev,  Uch.  Zap.  MGU  79  (1945);  Yu.  K.  Yur’ev,  Kh.  M.  Minachev,  and  K.  A.  Samurskaya,  Zhur. 

Obshchcl  Khim.  9,  1710  (1939).  •» 

9.  S.  MIzushima,  J.  Morino  and  M.  Takeda,  Sci.  Pap.  Inst.  Phys.  Chem.  Res. Tokyo  38,  437  (1941). 

10.  D.  Rank,  N.  Sheppard,  and  G.  Szasz,  J.  Chem.  Phys.  22»  ®31  (1950), 

11.  Yu.  K.  Yur’ev  and  E.  M.  Lukina,  Zhur.  Obshchei  Khim.  1449(1954).* 

12.  Yu.  K.  Yur’ev,  E.  M.  Lukina,  Yu.  M.  Polikarpov,  and  V.  P.  Volkov,  Zhur.  Obshchei  Khim.  2£,  553  (1956).* 

13.  Yu.  K.  Yur’ev,  E.  G.  Rozantsev,  and  Yu.  P.  Egorov,  Vestnik  MGU  6,  215  (1958). 

14.  L.  Pauling,  Nature  of  the  Chemical  Bond  [Russian  translation]  (Goskhimizdat,  1947)  p.  168. 


*  Original  Russian  pagination.  See  C.  B.  translation. 


433 


STUDIES  IN  THE  FURAN  SERIES 

m.  THE  REACTION  OF  2-METHYL-  AND  2-ETHYLFURAN  WITH 
MESITYL  OXIDE 


Yu.  K.  Yur*ev,  N.  S.  ZefIrov,  A.  A.  Shteinman,  and 
V .  M.  Gurevich 

Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  411-415, 
February,  1960. 

Original  article  submitted  February  4,  1959 


Furan  and  Its  homologs,  which  do  not  give  the  diene  synthesis  with  diene  olefins  which  have  only  one  elec¬ 
tronegative  group,  does  react,however,  with  a  ,6 -unsaturated  aldehydes  and  ketones  by  another  path:  by  the  re¬ 
action  of  substitutive  combination. 

Thus,  S.  M.  Sherlin  and  A.  Ya.  Berlin  with  co-workers  [1],  In  attempting  to  carry  out  the  diene  synthesis 
of  furan  with  acrolein  obtained  a  mixture  of  furyl  propionic  and  furan  dipropionic  aldehydes.  Such  a  reaction 
course  was  explained  by  a  contaminant  of  sulfur  dioxide  In  the  acrolein,  since  perfectly  pure  acrolein  did  not 
give  tlie  reaction  at  all.  In  connection  with  this,  Alder  and  Schmidt  [2]  later  showed  that  In  the  presence  of  acid 
agents  furan  and  its  homologs  react  with  methylvinyl  ketone  and  phenylvlnyl  ketone  and  also  with  crotonic  alde¬ 
hyde  according  to  the  same  scheme;  as  catalysts  for  tliis  reaction  they  used  sulfuric,  sulfurous,  phosphoric,  and 
hydrochloric  acids,  p- toluene  sulfonic  acid  and  its  esters,  and  also  dimetliyl  sulfate.  According  to  tlie  data  of 
I.  N.  Nazarov  and  T.  D.  Nagibina  [3],  furan  and  2-methylfuran  react  with  6 ,6 -dlmethyldivinyl  ketone  only  at 
the  unsubstituted  vinyl  group.  However,  according  to  a  patent  claim,  [4],  the  reaction  of  substitutive  combina¬ 
tion  can  also  be  used  for  the  syntliesis  of  ketones  of  the  furan  series  with  the  general  formula  CH3~(C^HjO)-CRj'" 
CHR“-C(X;H3  where  R  =  H  or  CH3. 

We  show  in  the  present  work  that  2-methyl-  and  2-ethylfuran  react  with  mesityl  oxide  in  the  presence  of 
sulfuric  acid  with  formation  of  l,l-dimctliyl-l-(5-methylfuryl-2)-3-butanone  (I)  and  the  corresponding  1, 1-di- 
methyl- 1 -(5 -methylfuryl-2)-3-butanone  (II). 

Thus,  in  the  furan  series  tlie  reaction  of  substitutive  combination  can  occur  also  with  B  ,6-dimethylvinyl 
ketones,  that  is,  because  of  the  dimethylvinyl  group,  if  the  reaction  is  carried  out  under  somewhat  more  severe 
conditions.  It  should  be  noted  tliat  ketones  of  tlie  furan  series  which  have  quaternary  carbon 'atoms  bound  to  the 
furan  ring  in  their  side  chain  are  not  available  for  preparation  by  other  processes. 

The  reaction  which  we  have  described  is  a  special  case  of  acid-base  catalysis  [6]  and  its  mechanism  can 
be  represented  as  follows: 


CH,  II  +  CHj 

*>C  =  CH-C-CHj  H  )C  =  CH^C-CH, 


0  C(CH,)j-CH=C-CH3 


R-\  /-C-CH.-CO-CH,  4-  H 
0  1 
CH, 

(I  and  I() 

where  R=CH,(l)  u  CiH,  (H) . 
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The  presence  of  two  electron  donor  methyl  groups  decreases  the  positive  charge  on  the  carbon  atom  bound 
to  tliem  so  iliat  combination  wiili  mesityl  oxide  goes  under  comparatively  severe  conditions.  Also  there  Is  possible 
here  a  spacial  screening  by  tlie  methyl  groups  of  the  carbon  atom  combined  with  them. 

As  a  catalyst  in  this  reaction  for  obtaining  the  ketone  (I)  we  used  sulfuric,  hydrochloric,  and  phosphoric 
acids,  p-toluene  sulfonic  acid,  and  we  also  studied  the  possibility  of  using  boron  fluoride  ctheraie.  The  best 
catalyst  in  tills  reaction  is  concentrated  sulfuric  acid.  With  boron  fluoride  ethcratc  we  could  get  almost  the  same 
yield  of  ketone,  but  because  of  the  lesser  availability  of  this  catalyst  we  gave  preference  to  sulfuric  acid.  The 
other  acids  which  we  used  could  not  serve  for  preparative  use  for  ketone  (I). 

Both  of  our  ketones  gave  a  positive  Iodoform  reaction.  In  the  case  of  ketone  (I)  we  studied  the  reactions  of 
this  type  of  ketone  of  the  furan  series.  Since  oxidation  by  potassium  permanganate  causes  decomposition  of  the 
furan  ring  with  oxidation  to  carboxyl  of  tlie  atom  of  carbon  combined  with  the  substituent  [2,  5J,  we  obtained  by 
oxidation  of  ketone  (I).a  ,a -dimethyllevulinic  acid  (III).  When  we  reduced  ketone  (I)  with  lithium  aluminum  * 
hydride  we  obtained  l,l-dlmethyl-l-(5-mcthylfuryl-2)-3-butanol  (IV).  In  reduction  of  the  ketone  oxime  with 
sodium  in  alcohol,  zinc  in  acetic  acid,  and  also  with  lithium  aluminum  hydride,  we  obtained  1,1-dImethyl-l- 
(5-methylfuryl-2)-3-amInobutane  (V).  When  the  ketone  (I)  hydrazone  was  decomposed  by  the  Kischner  method 
we  obtained  1, 1-dimethyl- l-(5-methylfuryl-2)butane  (VI), 

The  ketone  (I)  easily  undergoes  the  Grignard  reaction:  In  reaction  witli  methylmagnesium  bromide  we  ob¬ 
tained  l,l,3-trimeiliyl-l-(5-methylfuryl-2)-3-butanol  (VII). 


CHjCOcn:C(CHj)ir.ooH  (m) 


IT’"’ 

CHj  OH 

jni’"’ 


CH, 


I 

NHt 


IN) 


iV) 


EXPERIMENTAL 

1, 1 -Dimethyl- 1 -(5- me  thy  Ifiiryl- 2)- 3-buta  none  (I),  a)  In  a  100  ml  flask  with  a  stirrer,  reflux  condenser, 
and  thermometer  we  placed  0.05  g  of  hydroquinone,  25.8  g  (0.26  mole)  of  mesityl  oxide,  0.2  ml  of  concentrated 
sulfuric  acid,  and  22.5  g  (0.27  mole)  of  2-methylfuran.  The  mixture  was  heated  for  8  hours  on  a  water  bath, 
cooled,  diluted  with  an  equal  volume  of  etlier,  washed  with  soda  and  water,  and  dried  over  calcium  chloride. 
After  distillation  of  the  ether,  fractions  of  distillate  were  collected:  1st,  boiling  up  to  103*  (15  mm),  5  g,  un¬ 
changed  mesityl  oxide;  2nd,  boiling  103-110*  (15  mm),  27  g;  residue,  a  tliick,  dark  oil.  After  fractionation  of 
the  second  fraction  we  obtained  24.5  g  {b(fJo)  of  ketone  (I)  as  a  colorless  liquid  (turns  yellow  on  standing)  with  the 
odor  of  camphor. 

B.  p.  106-107*  (15  mm),  n^D  1.4700,  d”4  0.9723,  MRq  51.70.  CjiHigOiP,.  Calculated  51.41. 

Found  %:  C  73.39,  73.51;  11  8.84,  9.03.  CnHigOj.  Calculated ‘Ifo;  C  73.30;  H  8.95. 

Semlcarbazone,  white  leaflets,  m.  p.  136-137*  (from  aqueous  alcohol). 

Found N  17.73,  17.35.  CnHijOiNj.  Calculated N  17.71. 

2,4-DInitrophenylhydrazone,  yellow  needles,  m.p.  109.5-110*  (from  alcohol). 

Found  70:  N  15.35,  15.49.  C17HJ0O5N4.  Calculated  7o;  N  15.54. 

Infrared  spectrum:  936  (s),  1024  (v.s.),  1116  (v.s.),  1136  (av),  1185  (s),  1220  (v.s.),  1310  (s),  1370  ($), 

1385  (av),  1444  (s).  1470  (av),  1563  (s),  1715  (v.s.).* 

b)  In  a  mixture  of  0.05  g  of  hydroquinone,  25.8  g  (0.26  mole)  of  mesityl  oxide,  22.5  g  (0.27  mole)  of 


•(s)  strong,  (v.s.)  very  strong,  (av)  average,  (w)  weak,  (v.w.)  very  weak.  We  thank  L.  A.  Kazitsyna  for  obtaining 
the  spectra. 


lylvan  wc  added  dropwlse  8  ml  of  6(y7o  solution  of  boron  fluoride  ethcratc  In  ether  so  that  tlte  temperature  was 
held  at  about  50*.  The  mixture  was  stirred  for  three  hours  more  and  then  treated  as  described  above.  We  Isolated 
6.8  g  of  unchanged  mesityl  oxide  and  obtained  23  g  {Aflo)  of  ketone  (I)  with  b.  p.  103*’ (13  mm),  n*°D  1.4703  and 
d*®4  0.9730. 

a,a-DImethyllcvulInIc  acid  (III).  We  added  13  g  of  ketone  (I)  at  20*  to  a  solution  of  60  g  of  potassium 
permanganate  In  2  liters  of  water  and  left  it  to  stand  for  three  days  with  periodic  shaking  of  the  mixture;  we  then 
added  100  ml  of  mctliyl  alcoliol  and  heated  on  a  water  bath  until  decoloration,  filtered  hot  and  washed  the  pre¬ 
cipitate  witli  hot  water,  evaporated  the  filtrate  to  200  ml,  acidified  witli  hydrochloric  acid,  and  evaporated  dry. 
The  solid  residue  was  extracted  for  20  hours  with  ether  in  a  Soxhlet  apparatus  and  tlie  ether  was  distilled  off.  The 
remaining  oil  crystallized  on  standing.  We  obtained  3.1  g  of  a  ,a-dlmethyllevulinic  acid. 

M.  p.  76-76.5*  (from  benzene). 

Found:  M  144,  143.  C7H11O3.  Calculated:  M  144.  Literature  data  [7]:  m.  p.  75*. 

Plienylliydrazone,  colorless  leaflets  with  m.  p.  134-135*.  Literature  data  [7]:  m.  p.  135*. 

1.1- Dimcthyl-l-(5-mcthylfuryl-2)-3-butanol  (IV).  In  a  500  ml  flask  witli  reflux  condenser,  stirrer ,  and 
dropping  funnel  we  placed  150  ml  of  1  N  solution  of  litliium  aluminum  hydride  (0.15  mole)  In  eilier  and  added 
dropwlse  59.6  g  (0.33  mole)  of  ketone  (I)  in  30  ml  of  etlier,  so  that  the  ether  dropped  evenly.  Then  tlie  mix¬ 
ture  was  boiled  for  1  hour,  carefully  treated  with  water,  the  aluminum  hydroxide  dissolved  in  2  N  hydrochloric 
acid  (avoiding  an  excess),  and  the  etlier  layer  was  separated  and  the  water  layer  extracted  witli  ether.  The  ex¬ 
tract  was  dried  over  magnesium  sulfate,  tlie  ether  was  distilled  off,  and  the  residue  was  distilled  In  a  vacuum. 

We  obtained  54.7  g  (907o)  of  (IV)  in  the  form  of  a  colorless  liquid  witli  a  weak  fruity  odor. 

B.  p.  106*  (10  mm),  rt*®D  1.4770,  d*®4  0.9690,  MR^  53.14.  CnHigOjF,.  Calculated  53.04. 

Found ‘7o;  C  72.74,  72.62;  H  9.78,  9.89.  CnHuO,.  Calculated ‘7®:  C  72.49;  H  9.95. 

3,5-DinItrobenzoate ,  yellow  needles  witli  m.  j).  98.5-99.5*  (from  alcohol). 

Found%:  N  7.27,  7.35.  CigHjoOjN,.  Calculated  7o:  N  7.44. 

Infrared  spectrum  of  (IV):  766-780  (s),  822  (v.w.),  854  (av),  898  (av),  924  (v.s.),  938  (v.s.),  956  (v.s.), 

1022  (v.s.),  1048  (V.S.),  1118  (v.s.),  1130  (v.s.),  1160  (w),  1198  (w),  1222  (v.s.),  1268  (w),  1382  (s),  1458  (s), 

1562  (s). 

1.1- Dimethyl-l-(5-methylfuryl-2)-3-aminob'jtane(V).  A  mixture  of  27  g  (0.15  mole)  of  ketone  (I), 

11.4  g  (0.165  mole)  hydroxylamine  hydrochloride,  33  g  of  barium  carbonate,  and  300  ml  of  alcohol  was  boiled 
6  hours  under  reflux,  tlie  precipitate  was  filtered  and  washed  with  50  ml  of  alcohol.  The  alcoliol  was  distilled 
from  tlie  filuate  and  tlie  residue  was  fractionated.  We  obtained  28.8  g  of  oxime  as  a  very  viscous,  colorless  oil 
with  b.  p.  120-123*  (17  mm). 

a)  A  solution  of  10  g  of  tlie  oxime  in  150  ml  of  80f7o  acetic  acid  was  heated  to  boiling  In  a  flask  with  a 
stirrer  and  reflux  condenser  and  40  g  of  zinc  dust  was  added  gradually.  The  mixture  was  boiled  for  one  hour,  tlie 
acetic  add  and  unchanged  oxime  were  distilled  off  witli  steam,  the  residue  was  made  alkaline  and  the  amine 
was  distilled  with  steam.  The  distillate  was  saturated  with  potash  and  extracted  witli  ether,  the  extract  was  dried 
witli  potash,  the  ether  distilled  off,  and  the  residue  fractionated.  We  obtained  6.2  g  (6T7o)  of  (V)  in  the  form  of  a 
colorless  liquid  witli  an  amine  odor. 

*•  'f 

B.  p.  104-105*  (10  mm),  n”D  1.4580,  d”4  0.8814,  MRq  55.32.  CnHijONF,.  Calculated  54.93. 

Found ‘7>:  C.  72.82,  72.90;  H  10.59,  10.66.  CnHijON.  Calculated  <70;  C  72.83;  H  10.57. 

PIcrate  (by  mixing  alcohol  solutions),  yellow  plates  witli  m.  p.  179-180*  (from  alcohol). 

Found*^:  N  13.52,  13.59.  C„H„OgN4.  Calculated '7o:  N  13.65. 

b)  A  solution  of  4  g  of  oxime  in  90  ml  of  anhydrous  alcohol  was  heated  to  boiling  in  a  flask  with  a  reflux 
condenser,  and  7  g  of  sodium  was  added  at  once.  When  tlie  reaction  had  subsided,  it  was  boiled  to  solution  of  die 
sodium,  cooled,  acidified  with  acetic  acid,  and  treated  as  described  above.  We  obtained  2.0  g  (7^7®)  of  amine 
with  b.  p.  105-106*  (11  mm),  n*°D  1.4588,  and  d”4  0.8818. 
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c)  To  200  ml  of  1  N  eiher  solution  of  liiliinm  aluminum  hydride  was  added  a  solution  of  14  g  of  oxime  In 
75  ml  of  etlier  in  such  a  way  tliat  the  ether  boiled  evenly.  It  was  boiled  for  an  hour  more  and  then  the  mixture  was 
treated  with  water  and  the  amine  was  distilled  witli  steam.  After  the  treatment  described  above  we  obtained  6.5  g 
(537o)  of  amine  with  b.  p.  104-105*  (11  mm),  n^D  1.4581,  and  d”^  0.8810. 

1.1-  Dimethyl- 1 -(5- mcthylfiiryl-2)butane  (VI).  A  mixture  of  18  g  (0.1  mole)  of  ketone  (I)  and  10  ml  of 
hydrazine  hydrate  in  50  ml  of  alcohol  was  heated  for  3  hours  on  a  water  bath.  Alcohol  and  unchanged  hydrazine 
hydrate  were  distilled  on  an  oil  bath  at  140*,  the  mixture  was  cooled  and  the  residue  treated  with  30  ml  of  water 
and  saturated  with  solid  potassium  hydroxide.  After  separating  tlie  hydrazone,  the  water  layer  was  extracted  with 
ether;  the  hydrazone  and  ether  layer  were  combined  and  dried  over  potash;  the  ether  was  distilled  off  and  the 
residue  was  fractionated.  We  obtained  14  g  of  hydrazone  in  the  form  of  a  very  viscous,  colorless  oil  with  b.  p, 
120-123*  (7  mm). 

Fourteen  g  of  hydrazone  and  2  g  of  catalyst  powder  obtained  by  melting  0.1  g  of  platinum  black  with  5  g 
of  potassium  hydroxide  were  heated  in  a  Wurtz  flask  and  an  oil  bath.  Decomposition  began  at  160*  and  occurred 
at  220-230*.  After  four  hours  1480  ml  of  nitrogen  had  evolved  (calculated  at  standard  conditions:  1600  ml). 

The  reduction  product  had  partly  transferred  to  the  receiver.  The  residue  was  distilled  at  10  mm  Hg,  the  distillate 
was  separated  from  the  water  and  again  heated  witli  2  g  of  catalyst  to  220*.  After  fractionation  in  a  vacuum  the 
distillate  was  washed  with  1  N  hydrochloric  acid,  a  307°  soda  solution,  water,  and  was  allowed  to  stand  over  sodium. 
After  rectification  we  obtained  7.6  g  (62f7o)  of  (VI)  as  colorless  liquid. 

B.  p.  75-76*  (20  mm),  n*°D  1.4529,  d*^  0.8738,  MR^  51.72.  CuHuOFi.  Calculated  51.51. 

Found  C  80.14,  80.07;  H  11.22,  11.34.  CnHigO.  Calculated  %:  C  79.98;  H  11.44. 

l,l,3-Trimcthyl-l-(5-methylfuryl-2)-3-butanol  (VII).  To  methylmagnesium  bromide  (from  3.7  g  of 
magnesium  in  50  ml  of  ether  and  metJiyl  bromide)  was  added  dropwise  with  ice  cooling  18  g  (0.1  mole)  of  ketone 
(I)  in  30  ml  of  ether;  the  mixture  was  stirred  a  half  hour  at  20*  and  boiled  for  an  hour.  It  was  decomposed  with 
water  and  the  precipitate  was  dissolved  In  2  N  hydrochloric  acid,  avoiding  an  excess  of  It.  The  etlier  extract  was 
washed  with  water,  soda  and  dried  with  magnesium  sulfate.  After  distilling  off  the  ether  and  fractionating  the  re¬ 
sidue  we  obtained  17  g  (87‘’/o)  of  VII  in  the  form  of  a  viscous,  colorless  liquid  with  a  menthol  odor, 

B.  p.  89-90*  (6  mm),  n*®D  1.4800,  d”^  0.9703,  MRp  57.43.  CjjHjoOiF,.  Calculated  57.67. 

Found'yo;  C  73.34,  73.51;  H  10.27,  10.31.  CigHjoOi.  Calculated  C  73.43;  H  10.27. 

1.1- Dimethyl-l-(5-ethylfuryl-2)-3-butanone  (II).  Reaction  with  14.7  g  (0.15  mole)  of  mesityl  oxide, 

0.1  ml  of  concentrated  sulfuric  acid,  and  15.4  g  (0.16  mole)  of  2-etliylfuran  in  tlie  presence  of  0.05  g  of  hydro- 
quinone  was  carried  out  as  described  for  tlie  preparation  of  (I).  After  distillation,  tlie  reaction  product  was  separated 
Into  fractions:  1st  with  b.  p.  to  105*  (10  mm),  2  g,  unchanged  mesityl  oxide;  2nd  with  b.  p.  105-115*  (10  mm), 

18  g.  After  redistillation  of  the  second  fraction  we  obtained  15.5  g  (5Cr/o)  of  ketone  (II). 

B.  p.  114*  (13  mm),  n^D  1.4682,  d”^  0.9577,  MRj^  56.37.  CuHigOgF,.  Calculated  56.03. 

Found C  73.95,  73.87;  H  9.45,  9.58.  CjilligOg.  Calculated ‘7o:  C  74.18;  H  9.34. 

2,4- Dinitropheny Ihydrazone ,  orange  needles  with  m.  p.  90.5-91*  (from  alcohol). 

Found  *70;  N  14.87,  14.81.  Ci8n2205N4.  Calculated  N  14.97. 

Infrared  spectrum  of  (II):  770-786  (s),  948  (s),  978  ($),  1014  (v.s.),  1054  (av),  1116  (s),  1138  (v.w.), 

1188  (v.s.),  1308  (s),  1364  (v.s.),  1462  (v.s.),  1560  (s),  l7l6  (v.s.). 

SU  MMARY 

In  the  case  of  obtaining  1,1-dimcthyl- l-(5-methylfuryl-2)-  and  l,l-dimethyl-l-(5-ethylfnryl-2)-3-butanonc$ 
by  the  reaction  of  2-metliyl-  and  the  corresponding  2-ethylfurane  with  mesityl  oxide  it  was  shown  that  the  furan 
ring  can  react  with  the  6 ,6 -dimcthylvinyl  group  of  a,6-unsaturatcd  ketones  by  the  reaction  of  substitutive  com¬ 
bination;  the  most  active  catalysts  for  this  rcactionare  concentrated  sulfuric  acid  and  boron  fluoride  ethcrate. 

We  synthesized  for  tlie  first  time  from  the  ketones:  l,l-dlmethyl-l-(5-methylfuryl-2)-3-buianol;  1, 1,3- 
trimethyl- 1 -(5- me  thylfuryl- 2)- 3-butanol;  1,1- dimethyl- 1 -(5- methylfuryl- 2)- 3-amlnobutane;  and  1,1-dimeihyl- 
l-(5-mcthylfuryl-2)butane. 
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The  acylation  of  aromatic  compounds  is  a  reaction  of  electrophilic  substitution,  for  the  occunence  of  which 
there  must  be  formation  of  a  positive  charge  on  tlie  carbon  of  tlic  acyl  group  of  the  acylating  agent.  If  we  con¬ 
sider  from  tills  point  of  view  the  mixed  anhydrides  of  organic  and  inorganic  acids,  and  also  the  acids  tlicmselves 
which  compose  them, 

0  0 

II  ^  II 

n-C-O-E;  i\_C-OII;  ll-O-E . 

A  B 


we  can  conclude  that  the  ease  of  formation  of  a  positive  charge  or  even  an  ion  depends  on  botli  constituent 
parts  A  and  B  and  increases:a)  with  decreasing  strength  of  the  organic  acid  in  part  A  of  the  mixed  anhydride, 
which  depends  on  increasing  strengtli  of  tlie  bond  0~H  in  tlie  acid  and  corresponding  decrease  in  electronegativity 
of  tlie  acid  portion,  and  also,  b)  on  increased  strength  of  the  inorganic  acid  in  portion  B  which  depends  on  in¬ 
creased  electronegativity  of  part  B  of  mixed  anliydride.  Both  these  factors  make  iteasy  to  rupture  tlie  C— O  bond 
in  the  mixed  anhydride.  On  the  other  hand,  increased  strength  of  the  organic  acid  and  decreased  strength  of  the 
inorganic  acid  which  composes  part  B  of  the  mixed  anhydride  leads  to  decreased  ease  of  formation  of  a  positive 
charge  due  to  increased  electronegativity  of  portion  A  and  decreased  electronegativity  of  portion  B.  This  explains 
the  decreased  acylating  power  of  silicon  anliydrides  of  dibasic  acids  as  compared  to  silicomanliydrides  of  mono¬ 
basic  organic  acid  [1],  and  the  similar  decreased  power  of  silicon  anliydrides  of  halogen  substituted  monobasic 
organic  acids  [2];  acylation  by  them  of  compounds  of  an  aromatic  nature  is  possible  only  in  the  presence  of  such 
a  strong  condensing  agent  as  anliydrous  alumintim  chloride  and  in  general  docs  not  occur  in  the  presence  of  anhy¬ 
drous  stannic  chloride.  We  also  note  tliat  ilic  mixed  anhydride  of  carbonic  acid  and  carboxylic  acids  described 


n— C(=0)— 0-C(=0)0I\ 
by  Tarbell  and  Price  [3]  with  the  general  formula  ' - ■r - - - r~“ — ' 


,  as  would  be  expected,  shows  itself 


a  more  active  acylating  reagent  than  tlie  anhydrides  of  carboxylic  acids  R-C(=0)-0— C(=0)R,  because  of  the 
increased  electronegativity  of  portion  B  of  tlie  mixed  anhydride  due  to  the  introduction  of  the  oxygen  atom  in  it. 


In  connection  with  this  we  sttidied  the  comparative  acylating  power  of  mixed  anhydrides  of  such  inorganic 
acids  as  B(OH)3,  Al(OH)3,  Gc(OH)4,  is.  those  formed  by  elements  of  groups  111  and  IV  of  the  Periodic  System 
of  the  Elements  of  D.  I.  Mendeleev,  which  arc  direct  neighbors  of  silicon.  It  is  known  that  boroacetic  anhydride 
is  used  for  acylation  of  hydroxyl  groups  of  hydroxyantliraquinotic  [4],  but  there  is  no  information  on  acylation  of 
aromatic  compounds  by  them. 

In  the  present  work,  by  reaction  with  boron  bromide  in  benzene,  we  obtained  the  boroanhydrides  of  acetic, 
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TABLE  1 


Acylating  agent 

Yield  of  ketone  CeHsCOR,^*’ 

First  dissocn.  const, 
of  inorg.  acid  in 
mixed  anhydride 

R*CH3 

R  —  n~C3HY 

Boroanliydride  of  organic  acid 

66 

56 

63.3 

7.3  •  10-‘® 

SIlieoanhydride  of  organic  acid 

47 

49.5 

55 

2.2  •  10’^®  ‘ 

Aluminum  triacetate 

31 

— 

— 

6  •  10-“ 

Germanium  teuraacetate 

28 

1 

1  — 

TABLE  2 


Boroanliydride 

Yield 

M.p. 

%  B 

Literature  data 

Ing 

ln*7o 

found 

calculated 

Boroacetic 

1.85 

98.5 

118* 

5.5,  5.25 

5.76 

m.  p.  120*  [12] 

Boropropionic 

2.25 

98 

87 

4.64,  4.89 

4.70 

not  described 

Borobutyric 

2.7 

98.5 

63 

3.71,  3.77 

3.97 

d”  1.064  [13] 

propionic,  and  butyric  acids  with  almost  quantitative  yields;  the  data  of  the  analyses  corresponded  to  the  formula 
of  a  trlacyloxyboranc  B(C)COR)3.  When  we  acylated  benzene  with  tliem  (without  isolating  them  from  the  solvent) 

In  die  presence  of  anhydrous  aluminum  chloride,  we  obtained  the  corresponding  ketones  of  the  benzene  series  in 
yields  of  bG-GlTjo.  Acylation  of  thiophene  by  acetic  and  butyric  boroanliydridcs  in  the  presence  of  anliydrous  tin 
chloride  gave  acctothicnone  {GS.S'h)  and  the  corresponding  butyrothienonc  (67.,T/o). 

According  to  the  data  of  Anderson  [5],  in  the  reaction  of  germanium  tetrachloride  with  acetic  acid, 
formation  of  germanium  tetraacetate  docs  not  occor.  We  have  showed  that  when  germanium  tetrachloride  is 
heated  with  acetic  acid,  germanium  tetraacetate  (tetraacctoxygcrmane)  is  formed,  though  in  small  yield  (18.T7o). 
When  we  acylated  benzene  widi  it  in  the  presence  of  anliydrous  aluminum  chloride,  we  obtained  acetophenone 
with  a  yield  of  40.Blo,  while  when  we  acylated  with  a  preparation  isolated  in  pure  form,  the  yield  of  ketone  was 
2ffIo;  in  acylation  of  tliiophene  in  tlie  presence  of  anliydrous  tin  chloride  we  obtained  formation  of  only  a  trace 
of  acetotliienone. 

As  to  the  acetoxy  compounds  of  aluminum,  it  is  known  that  tliey  are  formed  in  the  reaction  of  aluminum 
chloride  witli  acids  [6-8],  but  their  use  as  acylating  reagents  has  not  been  especially  considered.  In  the  acetyla¬ 
tion  of  benzene  by  acetic  acid  and  a  ratio  of  anhydrous  aluminum  chloride  :  acetic  acid  =  2  :  1  we  obtained  a 
yield  of  31^0  of  acetophenone,  which  is  explained  by  the  formation  of  triacetoxyaluminum,  also  an  acylating 
agent.  In  the  literature  [9]  there  is  a  description  of  obtaining  acetophenone  in  a  yield  of  777®  in  the  acylation  of 
benzene  by  acetic  acid  if  the  ratio  of  aluminum  chloride  :  acid  is  2.5  :  1.  It  is  evidently  possible  that  the  increased 
yield  of  ketone  in  tlie  acylation  of  benzene  by  tetraacyloxysilane  which  depends  on  an  increase  in  the  amount  of 
added  aluminum  chloride  [2]  is  also  connected  with  formation  of  a  mixed  anhydride  from  anliydrous  aluminum 
chloride  and  tlie  acid  evolved  as  a  result  of  hydrolysis  of  the  silicon  anliydride  by  water  which  can  be  produced 
by  tlie  dehydration  of  silicic  acid.  However,  this  question  requires  furtlier  study. 

In  order  to  obtain  comparative  data  we  acylated  benzene  with  the  silicon  anhydrides  of  propionic  and 
butjnric  acids  under  ordinary  conditions  [10]  and  obtained  tlie  corresponding  propioplienone  (49.57o)  and  butyro- 
phenonc  (5S’/o). 

The  yields  of  ketones  obtained  in  the  acylation  of  benzene  by  mixed  anhydrides  of  Inorganic  and  organic 
acids  are  given  in  Table  1. 

The  data  of  Table  1  show  that,  as  expected,  tlie  more  active  acylating  agent  is  the  boroanliydride  of  the 
organic  acid,  since  boric  acid  is  stronger.  The  decreasing  acid  strengtli  in  tlie  scries 

B(0H)3>Si(0H),>Al(011)3>Gc(0H)« 
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corresponds  to  a  decreasing  acylating  power  of  the  mixed  anhydride  in  the  acylation  of  benzene  in  tltc  presence 
of  aluminum  chloride. 

As  to  the  acylation  of  thiophene  by  die  boroanhydrides  of  propionic  and  butyric  acids,  evidently  the  usual 
conditions  [11]  under  which  we  carry  out  the  reaction  arc  not  optimum  for  it. 

The  formation  of  traces  only  of  2-acetodiiophene  in  the  acylation  by  germanium  tetraacetate  under  the 
same  conditions  depends  on  die  markedly  lower  strength  of  gcrmanic  acid  and  die  corresponding  small  acylating 
ability  of  gcrmanoacctlc  anhydride. 


EXPERIMENTAL 

1.  Acylation  of  Benzene  and  Thiophene  by  Triacyloxyboranes.  ^ 

a)  In  a  25  ml  flask  with  reflux  condenser  and  dropping  funnel  with  a  calcium  chloride  tube  was  placed 
2.51  g  (0.01  mole)  of  boron  bromide  in  7  ml  of  anliydrotis  benzene;  it  was  cooled  and  0.03  mole  of  the 
organic  acid  in  7  ml  of  benzene  was  carefully  added  by  drops,  and  tlicn  the  mixture  was  heated  at  50-60*  until 
evolution  of  hydrogen  bromide  stopped.  The  benzene  was  evaporated  in  a  vacuum  and  the  boroanhydride  was 
repeatedly  washed  on  the  filter  with  absolute  ether.  The  boroanhydrides  obtained  tints  arc  shown  in  Table  2. 

b)  To  0.1  mole  of  organic  acid  in  80  ml  of  dry  benzene  was  gradually  added  with  stirring  a  solution 
of  0.04  mole  of  boron  bromide  in  20  ml  of  benzene  and  the  mixture  was  heated  on  the  water  bath  until  evolu¬ 
tion  of  hydrogen  bromide  stopped.  It  was  cooled  and  0.11  mole  of  anliydrous  aluminum  chloride  was  added  In 
portions;  tltc  mixture  was  heated  for  five  hours  on  a  water  bath,  gradually  raising  die  temperature  (to  boiling  In 
a  half  hour).  It  was  decomposed  with  ice;  die  benzene  layer  was  separated  and  the  water  was  extracted  with 
ether.  The  combined  extracts  were  washed  with  soda  and  dried  over  calcium  chloride.  After  distillation  of  die 
solvent,  the  residue  was  fractionated  in  vacuum. 

Acetophenone.  Six  g  of  acetic  acid,  10  g  of  boron  bromide,  100  ml  of  benzene,  and  15  g  of  aluminum 
chloride;  we  obtained  7.9  g  (6(Sjoy. 

B.  p.  96.5-97- (22  mm),  n^D  1.5362,  d”^  1.Q268,  MRp  36.51.  CgHgOF,.  Calculated  35.55. 

Literature  data:  b.p.  201-203*  (756  mm).  n*“D  1.5408,  d”^  1.031  [14],  d*®4  1.0238  [15],  n^***D  1.5338  [16]. 

Propiophenonc.  Propionic  acid,  7.4  g,  with  10  g  of  boron  bromide,  100  ml  of  benzene,  and  15  g  of  aluminum 
chloride;  we  obtained  7.5  g  (507<>). 

B.  p.  105-105.5- (18  mm),  n*®D  1.5242,  d”^  1.0122,  MRp  40.57.  CgHKPFg.  Calculated  40.17. 

Literature  data  [17]:  b.  p.  115-120*  (21  mm).  n”D  1.534,  d*®20  1-015. 

Butyrophenone.  From  8.8  g  butyric  acid,  10  g  boron  bromide,  100  ml  benzene,  and  15  g  aluminum  chloride, 
we  obtained  9.3  g  (63. 37o): 

B.  p.  120-121*  (20  mm),  n*®D  1.5191,  d”^  0.9887,  MRp  45.51.  CigHijOPj.  Calculated  44.79. 

Literature  data  [17]:  b.  p.  125-130*  (21  mm),  n^^D  1.524,  d^jg  0.989. 

c)  To  a  benzene  solution  of  the  boroanhydride  from  0.1  mole  of  organic  acid  and  0.04  mole  of  boron 
bromide,  as  described  in  1  b,  we  added  0.08  mole  tliiophene,  and  gradually  0.05  mole  of  anliydrous  tin  chloride 
in  20  ml  of  benzene.  The  mixture  was  heated  for  four  hours  on  a  water  bath  with  rising  temperature  (10  minutes 

to  boiling).  When  cool,  it  was  diluted  with  water, the  benzene  was  distilled  off  witli  steam, and  the  ketone,  with 
superheated  steam.  The  benzene  layer  of  tlie  distillate  was  separated  and  the  water  was  extracted  with  ether. 

After  distillation  of  die  solvent  from  tlie  extract  wliich  had  been  washed  with  soda  and  dried,  the  residue  was 
distilled  in  a  vacuum. 

Acetothienone.  Six  g  of  acetic  acid,  10  g  of  boron  bromide,  6.7  g  of  tliiophene  and  13  g  of  stannic  chloride 
in  100  mlof  benzene;  we  obtained  6.9  g  (68.37o): 

B.  p.  102-103*  (18  mm),  n*®D  1.5663,  d*°4  1.1704,  MR^  35.18.  CeUgOSP,.  Calculated  34.76. 

Literature  data  [11]:  b.  p.  89.5*  (11  mm),  n”D  1.5675,  d”4  1.1750. 
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Propyl-2-thicnylketonc.  From  8.8  g  of  butyric  acid,  10  g  of  boron  bromide,  6.7  g  of  thiophene,  and  13  g 
of  stannic  chloride  in  100  ml  of  benzene,  we  obtained  8.4  g  (68.5%): 

B.  p.  124-124.5*  (18  mm),  n*®D  1.5455,  d”^  1.1028,  MRd  44.24.  CgHioOSF,.  Calculated  44.00. 

Literature  data  [11]:  b.  p.  89*  (3  mm),  n^D  1.5442,  d*®4  1.1030. 

2.  Acylation  of  Benzene  with  Germanium  Tetraacetate. 

a)  A  mixture  of  2.73  g  (0.0127  mole)  of  germanium  tetrachloride  and  4.8  g  (0.08  mole)  of  glacial 
acetic  acid  In  30  ml  of  anhydrous  benzene  was  heated  for  seven  hours  on  a  water  bath  (two  hours  to  boiling). 

Then  the  benzene,  unchanged  germanium  tetrachloride  and  acetic  acid  were  distilled  off  to  dryness  in  a  vacuum. 

We  obtained  0.71  g  (18%)  of  germanium  tetraacetate;  a  white,  solid  substance  with  m.  p.  155*  (literature  data 
[18],  m.  p.  156*).  It  was  dissolved  in  30  ml  of  dry  benzene  and  1.5  g  of  anltydrous  aluminum  chloride  was  added 
(the  mixture  became  red -brown  and  a  precipitate  of  germanium  hydroxide  gel  appeared)  and  it  was  heated  for 
3.5  hours  as  described  in  1  b.  After  decomposition  by  water,  tlic  ketone  was  separated  as  described  above.  We 
obtained  0.3  g  (287o)  of  acetophenone  witli  b.  p.  85*  (15  mm),  n*°D  1.5325. 

b)  A  mixture  of  2.14  g  (0.01  mole)  of  germanium  tetrachloride  and  2.4  g  (0.04  mole)  of  glacial  acetic 
acid  In  50  ml  of  benzene  was  heated  5.5  hours  on  a  water  batli.  The  hydrogen  chloride  which  was  evolved  was 
absorbed  by  a  tiuating  solution  of  sodium  hydroxide.  There  was  evolution  of  0.0075  mole  (18.T7o)  of  hydrogen 
chloride.  Then  we  added  In  portions  10.64  g  (0.08  mole)  of  anhydrotts  aluminum  chloride  and  treated  tire  mixture 
as  described  in  2  a.  We  obtained  1.95  g  (40.57o)  of  acetophenone  with  b.  p.  85*  (15  mm),  n*°D  1.5325. 

c)  To  a  solution  of  2.4  g  (0.04  mole)  of  glacial  acetic  acid  In  50  ml  of  benzene  we  added  gradually  6  g 
(0.08  mole)  of  anltydrous  aluminum  chloride  and  treated  the  mixture  as  described  in  2  a.  We  obtained  1.5  g 
(31%)  of  acetoptienone  with  b.  p.  85*  (15  mm),  n*®D  1.5320. 

d)  To  a  benzene  solution  of  germanium  tetraacetate  obtained  as  described  in  2  b  we  added  4.2  g  (0.05 
mole)  of  thiopfiene,  and  dropwise,  6.5  g  (0.025  mole)  of  anltydrous  stannic  chloride  In  10  ml  of  benzene. 

Furdier  treatment  was  as  described  in  2a  .  After  distillation  of  tlie  solvent,  the  action  of  2,4-dinIuophenyl- 
tiydrazine  on  the  product  of  tlic  reaction  gave  acetothicnonc  2,4-dinitrophenylhydrazone  with  m.  p.  243*.  A 
mixed  melting  point  witlt  a  known  sample  gave  no  depression.  Literature  data  [19]:  m.  p.  243-244*. 

3.  Acylation  of  benzene  with  tetraacyloxysilane  was  carried  out  by  tlie  method  described  earlier  [10]. 

Proplophenone.  From  7.4  g  (0.1  mole)  of  propionic  acid  and  5.1  g  (0.03  mole)  of  silicon  tetrachloride 
In  100  ml  of  benzene  with  15  g  (0.11  mole)  of  anltydrous  aluminum  chloride  we  obtained  6.65  g  {49.3lo)  with 
b.  p.  105-105.5*  (18  mm),  n*°D  1.5240. 

Butyrophenone.  From  8.8  g  (0.1  mole)  of  butyric  acid  and  5.1  g  (0.03  mole)  of  silicon  tetrachloride 
In  100  ml  of  benzene  witlt  15  g  (0.11  mole)  of  anhydrous  aluminum  chloride  we  obtained  8.15  g  (59%)  with 
b.  p.  121-122*  (21  mm),  n*°D  1.5192. 

SUMMARY 

1.  Mixed  anhydrides  of  boric  and  organic  acids  (boroanhydrides)  can  be  used  as  acylating  agents  for 
aromatic  compounds.  In  the  reaction  of  acylation  of  benzene  in  tlte  presence  of  anltydrous  aluminum  chloride, 
boroa nit ydr ides  have  a  higher  activity  then  silicoanhydrides. 

♦  2.  Germanium  tetrachloride  boiled  witlt  acetic  acid  partly  forms  germanium  tetraacetate,  which  in  the 
acylation  of  benzene  and  tliiophene  has  a  lower  acylating  power  than  does  the  silicoanltydride. 
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Mono-  and  dialkyl  benzenes  obtained  by  alkylation  of  benzene  with  olefins  and  alcohols  In  the  presence  of 
various  catalysts,  AICI3,  H2SO4,  HF,  BF3,  have  found  wide  use  in  the  organic  synthesis  industry  and  are  also  used 
for  high  octane  additives  in  the  petroleum  industry.  The  use  of  alkyl  benzenes  (from  ethylbenzene  to  amylbenzene 
Inclusive)  in  high  octane  aviation  fuels  is  based  on  the  fact  that  these  substances  arc  stable  to  higli  temperatures 
and  to  oxidation;  they  have  a  low  vapor  tension  and  a  sufficiently  high  heat  value.  The  alkyl  benzenes  with  long 
side  chains  arc  especially  interesting.  However,  tlieir  preparation  by  alkylation  with  olefins  is  difficult,  since  in 
tlic  Industrial  processes  of  treating  oil  products,  olefins  are  usually  obtained  in  which  the  number  of  carbon  atoms 
docs  not  exceed  five.  On  tlic  other  hand,  as  investigations  have  shown,  in  alkylations  by  olefins  with  long  side 
chains  of  carbon  atoms,  cracking  occurs  and  so  complex  mixtures  of  products  are  obtained.  The  most  suitable 
and  available  method  for  obtaining  tliesc  compounds,  it  seems  to  us,  is  the  method  of  introducir^  side  chains  by 
direct  reaction  with  the  corresponding  alcohol. 

In  previous  work  [1,  2]  it  was  shown  that  benzene  and  toluene  are  alkylated  comparatively  easily  by  mole¬ 
cular  compounds  of  die  alcohols  with  boron  trifluoride  at  high  temperatures  under  pressure.  In  this  way  are  ob¬ 
tained  mono-  and  dialkylated  products  in  yields  of  78-9CP/o.  Thus,  in  tlie  alkylation  of  benzene  there  was  obtained 
ethyl-.  Isopropyl-,  Isobutyl-,  and  isoamylbenzenes  and  the  corresponding  dialkylbenzenes,  among  which  the  1,4- 
dlalkylbenzenes  made  up  15-8(fJo. 

In  the  present  work  we  have  studied  the  reaction  of  alkylation  of  benzene  by  hexyl,  heptyl,  octyl,  and 
dodccyl  alcoliols  in  the  presence  of  boron  trifluoride  under  different  conditions:  at  atmospheric  and  increased 
pressures,  with  and  witliout  solvents,  at  different  ratios  of  reacting  substances. 

EXPERIMENTAL 

To  show  die  possibility  of  carrying  out  die  reaction  at  atmospheric  pressure  we  set  up  the  following  con- 
dltlotts:  a  mixture  of  benzene  and  the  alcohol  in  die  ratio  1 : 1  was  placed  in  a  flask  with  a  reflux  condenser, 
thermometer,  and  mechanical  stirrer.  Through  a  side  tube  at  room  temperature  boron  trifluoride  was  added  to 
the  reaction  mixture  until  fine  bubbles  of  gas  were  not  evolved.  This  was  usually  complete  after  5-6  hours.  The 
reaction  mixture  was  colored  from  yellow  at  the  beginning  to  light  brown  at  the  end  of  the  reaction.  During 
saturation  with  boron  trifluoride  diere  was  spontaneous  heating  to  40-50*  and  drops  of  water  appeared  on  the  walls 
of  the  flask.  When  saturation  was  complete,  die  stirrer  was  turned  on  and  the  mixture  was  heated  gently  to  boiling 
of  die  benzene  over  3-4  hours,  until  the  reaction  mass  did  not  separate  into  two  layers.  The  upper  oily  layer  was 
separated  from  die  lower,  strongly  acid, water  layer,  which  was  of  small  volume,  and  was  washed,  first  with  a  soda 
solution  and  then  with  water. 

When  we  alkylated  benzene  with  hexyl  or  heptyl  alcohols  under  these  conditions,  we  obtained  a  mixture  of 
mono-  and  dihexyl  or  heptyl  benzenes  in  yields  of  bl-SS’h.  The  chief  products  among  them  were  mono-secondary 
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TABLE  1 


Results  of  Uie  Study  of  the  Alkylbenzenes 


Hydrocarbon 

B.  p. 

B 

B 

Found . % 

Calculated, 

I0 

Moicc.  Wt. 

■ 

11 

H 

found 

calc. 

sec -hexylbenzene* 

201—203° 

1.4850 

0.8982 

88.82 

11.19 

88.88 

11.12 

164.7 

162 

n-dihexylbenzene 

255-2(i0 

1.4733 

0.8855 

87.74 

12.24 

87.80 

12.20 

211 

216 

trihexylDen/cne 

29'j-29o 

1.4405 

0.858!  t 

87.01 

12.02 

87.27 

12.73 

— 

— 

sec-heptylbenzene* 

220-227 

1.483.S 

0.8920 

88.07 

11.4.5 

88.03 

11.37 

173.2 

176 

n-diheptylbenzene 

204—2(0 

1.4083 

0.8785 

87.47 

12.54 

87.51 

12.49 

208 

276 

sec-oc  tvlbenzenc 

248-250 

1.4S12 

O.S'JO'i 

88.30 

11.07 

88.39 

11.01 

191.7 

191 

dioctylfienzcne 

2S5-28n 

1.4051 

0.8720 

87.21 

12.73 

87.34 

12.60 

— 

— 

dodecylbenzene 

233—234 

1.4074 

0.8719 

— 

— 

— 

— 

— 

d i dodec  y 1  be  nzene 

206—270 

1.4.502 

0.8701 

TABLE  2 

Yield  of  Alkylbenzenes  Depending  on  Reaction  Conditions 


Starting 

alcoliol 

Mole  ratio 
alc.rbenzene 

B.  p.  (press, 
in  mm) 

Amt.  ’ 
CfiHe  i 
used  in  1 
reaction, 
jnL 

Aint.  p 

C,H, 

rccovered-U^ci 

(ml) 

“VoAlkylbenzenes  in 
product 

mono' 

di-' 

poly- 

C0H13OII 

1  :  1 

105(0) 

80 

26 

63 

62 

38 

1.5  :  1 

108 (0) 

90 

24 

76 

38 

58 

4 

CoM.aOlI 

1  :  2 

158(0) 

120 

83 

58 

88 

12 

— 

C7H15OH 

1  :  1 

107 (0) 

80 

28 

61 

61 

37 

2 

€711,. .Oil 

1  :  2 

155(0) 

120 

81 

57 

86 

14 

— 

CoH.aOIl 

1  :  2 

170(30) 

105 

42 

74 

86 

12 

2 

CoH.aOlI 

1:1:1  (CCI4) 

170(125) 

120 

11 

90 

88 

12 

— 

Co  11,30  II 

1  :  2 

200(35) 

200 

122 

76 

72 

24 

4 

C7ll,;,011 

1 : 1  :  MCCU) 

170(110) 

120 

15 

88 

90 

10 

— 

(.jyll  1^0  1 1 

1  :  2 

175 (30) 

200 

136 

61 

81 

16 

3 

CgM^on 

1  :  1 

170(25) 

100 

99 

62 

42 

58 

— 

Cgll,7011 

1  :  1 

200(30) 

160 

93 

64 

40 

48 

12 

hexyl  and  heptyl  benzenes  (70-8(f7o  of  the  total  quantity  of  alkylbenzenes).  The  resulting  substances  were  con¬ 
siderably  contaminated  by  hexene,  heptene,  and  their  dimers.  In  order  to  separate  these  from  tlie  substances  under 
study,  the  products  were  shaken  several  times  with  concentrated  sulfuric  acid,  and  tlien  washed  and  dried. 

Since  in  the  experiments  carried  out  at  atmospheric  pressure,  die  yields  of  the  desired  substances  were  com¬ 
paratively  small,  all  the  remaining  reactions  were  carried  out  under  pressure.  For  this  purpose,  as  in  the  previous 
work  [1-5],  we  prepared  the  molecular  compounds  separately  by  saturating  the  alcohol  with  boron  trifluoridc.  The 
substances  obtained  in  this  way,  which  corresponded  to  the  general  formula  2  ROH  •  EF3,  were  placed  In  an  auto¬ 
clave  with  benzene  at  a  calculated  ratio  between  alcohol  and  benzene  of  1.5  :  1.  The  reaction  was  carried  out 
at  170-200*  and  a  maximum  pressure  of  30  atm  over  3-4  hours.  Under  diese  conditions  we  obtained  a  yield  of 
7^0  hexylbenzene,  of  wliich  monoliexylbenzene  made  up  537o  and  dihexylbenzene  ATlo.  The  total  yield  of  heptyl 
benzenes  was  79- Bl"/©.  The  ratio  of  mono-and  dialkylated  products  was  almost  tlie  same  as  for  hexylbenzenes. 

In  order  to  explain  tlie  effect  of  the  solvent  on  the  ratio  of  die  mono-  and  dialkyl  benzenes  obtained,  wc 
carried  out  die  reaction  using  carbon  tetrachloride.  In  the  autoclave  wc  placed  the  alcohol  saturated  with  boron 


•The  reaction  was  carried  out  with  the  solvent,  carbon  tetrachloride. 
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trifluoridc,  t)ic  benzene,  and  die  carbon  tetrachloride,  in  the  ratio  1:1:1,  Reaction  was  carried  out  at  170*’  and 
a  maximum  pressure  of  125  atm.  Under  these  conditions  tlie  yields  of  hexyl  and  heptylbenzenes  reached  S8-9(Flo, 
of  whicli  die  monoalkylbcnzencs  made  up  85-88^7o.  Thus,  it  was  shown  that  when  the  reaction  is  carried  out  in  a 
solvent  dicre  is  a  sharp  increase  in  pressure  which  evidently  results  in  increased  yields  of  die  desired  substances. 

Also  in  the  presence  of  a  solvent  tlic  yield  of  monoalkylbcnzencs  is  raised.  An  analogous  effect  was  found  previously 
when  we  added  an  excess  of  benzene  to  die  reaction  mixture.  The  use  of  carbon  tetrachloride  as  the  solvent  was 
unsatisfactory  only  for  the  reason  that  in  die  reaction  under  pressure  tlicre  were  formed  sharp  smelling,  very  irritat¬ 
ing  substances  which  interfered  with  die  treatment  of  the  alkyl  compounds  (we  did  not  succeed  in  explaining  the 
nature  of  diesc  substances). 

In  die  alkylation  of  benzene  by  the  molecular  compound  of  octyl  alcohol  with  boron  trifluoride  in  the  auto¬ 
clave  at  170*  and  25  atm  we  obtained  a  monooctylbenzcnc  with  b.  p.  248-250*  and  a  dioctylbenzenc  widi  b.  p. 
285-289*  in  about  equal  amounts,  and  die  total  yield  was  627o  calculated  on  the  benzene  which  reacted. 

Alkylation  of  benzene  by  dodecyl  alcohol.  Since  dodccyl  alcohol  is  a  solid  substance,  the  preparation  of 
a  molecular  compound  from  it  without  a  solvent  is  difficult.  If  we  pass  boron  trifluoridc  into  the  melted  sub¬ 
stance,  die  resulting  molecular  compound  is  decomposed  with  formation  of  dodeccne  and  water.  When  the  upper 
layer  is  shaken  with  cold  concentrated  sulfuric  acid  it  is  easily  sulfonatcd.  If  we  pour  the  resulting  sulfocom- 
pound  into  a  water  solution  of  soda  or  alkali,  a  milk  white,  dense  emulsion  is  formed. 

Because  of  dicse  peculiarities,  die  reaction  with  dodecyl  alcohol  was  carried  out  in  die  autoclave  wldi 
BFs  •  II3PO4  as  the  catalyst.  The  alcoliol,  benzene,  and  catalyst  were  taken  in  die  ratio  1.25  r  1  r  0.5.  The 
reaction  was  run  at  170*  and  25-28  atm  for  three  hours.  After  the  usual  treatment  and  drying  with  calcium 
chloride,  distillation  over  metallic  sodium  and  repeated  fractionation  in  a  vacuum  column  gave  only  fractions 
which  contained  considerable  amounts  of  unsaturated  substances. 

The  hexyl,  heptyl,  and  octylbenzenes  which  we  obtained  were  studied  by  infrared  spectroscopy.  The  re¬ 
sults  of  the  analysis  were  unexpected.  On  the  basis  of  die  previous  findings  we  had  assumed  that  in  the  reaction 
under  pressure  we  would  obtain  alkylbenzenes  with  secondary  radicals.  However,  we  found  that  under  the  same 
conditions  of  getting  monoalkylbcnzencs  with  secondary  radicals,  the  dialkylbcnzcncs  contained  the  normal 
chains  of  carbon  atoms.  Thus,  for  example,  in  the  alkylation  of  benzene  witli  heptyl  alcohol  at  200*  and  35  atm 
for  4-5  hours  we  obtained  a  monoheptylbenzene  widi  b.  p.  226*,  which  accordiiig  to  die  data  of  analysis  contained 
die  secondary  radical,  and  the  diheptylbcnzcnc  with.  b.  p.  264*  formed  under  die  same  conditions  was  the  dinormal 
isomer.  The  dilicptylbcnzenc  obtained  at  170*  and  130  atm  in  die  solvent  carbon  tetrachloride  also  had  the  nor¬ 
mal  radicals,  but  it  contained  an  admixture  of  a  rnonohcptylbcnzenc  with  an  iso-radical.  The  hexylbenzene 
formed  in  the  reaction  carried  out  at  170*,  125  atm  for  5  hours  was  a  secondary  hexyl  derivative,  but  die  dihexyl- 
bcnzenc  formed  under  tlie  sanx:  conditions  had  two  normal  radicals.  The  same  structure  was  also  found  for  the 
dihexylbenzene  obtained  at  200*,  30  atm,  widiout  solvent. 

An  explanation  of  the  reason  for  formation  of  compounds  with  different  radicals  in  die  same  reaction  cannot 
now  be  given.  Perhaps  we  must  here  seek  for  steric  factors.  It  is  known  that  terephthalic  acid  has  a  linear  mole¬ 
cule  wliile  the  other  isomers  are  not  characterized  by  diis  peculiarity.  By  analogy  we  can  assume  diat  in  the 
formation  of  dialkylbenzcnes  with  radicalsindie  1 ,4-position  die  molecules  with  normal  radicals  will  be  energetic¬ 
ally  more  favored;  perhaps  in  die  analyses  inaccuracies  occurred. 

The  data  on  the  synthesis  and  study  of  the  alkylbenzenes  is  presented  in  Tables  1  and  2. 

* 

SU  MMARY 

1.  The  mediod  of  alkylating  benzene  with  molecular  compounds  of  alcohols  and  boron  trifluoride,  de¬ 
veloped  earlier,  can  be  used  for  alkylating  widi  hexyl,  heptyl,  and  octyl  alcohols. 

2.  In  the  alkylation  reaction  carried  out  under  pressure  die  yield  of  the  desired  products  is  higher  than  in 
the  reaction  at  atmospheric  pressure,  and  it  reaches  70-907o. 

3.  The  yield  of  mono-  and  dialkylbenzcnes  depends  on  the  quantitative  ratio  of  the  reagents. 

4.  The  highest  yield  of  monoalkylbenzenes  is  obtained  by  carrying  out  the  reaction  under  pressure  with 
a  solvent,  carbon  tetracliloride. 
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CATALYTIC  HYDRODEALKYLATION  OF  POLYA  LKY  LBEN  ZENES 

11.  DEMETHYUTION  OF  TOLUENE  OVER  I07o  NICKEL-ALUMINA  CATALYST. 
EFFECT  OF  TEMPOlATURE  AND  RATE  OF  DELIVERING  TOLUENE 
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The  problem  of  obtaining  benzene,  one  of  the  most  important  starting  products  for  the  production  of  con¬ 
temporary  synthetic  materials,  is  very  real  [1].  Therefore  the  use  of  petroleum  toluene  in  order  toobtain  from  It  the 
benzene  which  at  present  is  less  available  has  become  ol  interest. 

In  a  previous  communication  [2]  we  showed  that  in  a  continuous  apparatus  at  5  atm,  460*,  volume  rate 
0.5  hours  *  and  ratio  of  number  of  moles  of  hydrogen  to  number  of  moles  of  toluene  equal  to  5,  over  lOVo  nickel- 
alumina  catalyst  there  is  demediylation  of  toluene. to  benzene  without  side  reactions  of  formation  of  hydro¬ 
aromatic  hydrocarbons,  transfer  into  metliyl  groups,  or  hydrocracking  of  the  aromatic  ring  to  methane.  The 
yield  of  catalyzate,  which  contained  on  the  average  307c  benzene  for  one  passage,  was  then  about  85*70  calculated 
on  the  toluene  passed.  The  lower  limits  of  benzene  in  die  catalyzate  were  10- 127®  under  diese  conditions;  at 
this  content  die  catalyst  was  considered  to  be  deactivated.  The  "productive  life"  of  die  catalyst  without  regenera 
lion  was  not  more  than  50  hours  and  its  activity  fell  gradually.  The  temperature  used  In  die  Investigation  was 
characteristic  only  for  a  seriesof  reactions  connected  with  the  catalytic  transformation  of  cyclanes  and  alkanes 
for  die  improvement  of  die  benzine  fraction  by  a  process  worked  out  by  one  of  the  audiors  [3,  4].  Experiment 
showed  tliat  the  maintenance  of  these  temperature  conditions  for  the  process  of  selective  demediylation  of 
toluene  was  not  essential. 

In  the  present  work  we  studied  die  effect  of  gradual  increase  In  the  temperature  over  the  range  430-510* 
on  the  depth  of  conversion  of  toluene  in  the  presence  of  a  107o  nickel- alumina  catalyst  while  keeping  the  latter 
selective  with  respect  to  hydrogenolysis  of  the  mediyl  group. 

As  was  shown  In  the  previous  work  [2],  when  toluene  was  passed  under  the  chosen  conditions  (460*,  5  atm) 


over  a  nickel-alumina  catalyst  the  following  reaction  chiefly  occurred; 

C6ll:,Cll3  -f  llj  Cell„  4-  CII4  (1) 

CeHsClls-i-  1011.2  7CH,  (2) 

CfilUCMa  +  3112  CcMnClIa  (3) 

Celle -t-31l2  — Cr,Mi2  (4) 


The  equilibriumconstants(Kp)  for  reactions  1-4  were  calculated  for  427-527*  C  (700  and  800*  K)  accordit^ 
to  the  known  equation: 


\aKp 


— AZ 
■“  RT  ' 
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TABLE  1 

Yield  and  Conippsiiion  of  ihc  Products  of  Catalysis  Depending  on  Temperature 
p  =  5  atm,  V  =  0.5  hours'^  SHj  :  HC 


Exper.  No.  | 

*.-1 

JC 

s  ° 

2  -  « 
o  o 

.i-*  A,  u _ 

Temp. 

c 

o 

c 

Sn  'c  s 

QliW- 

V 

u..  <4 

O  N 
-o  .2^ 

«  2 
n  O 

Benzene  in 
catalyzate, 

% 

Benzene  yield,  ' 
mole  % 

Yield  of  me¬ 

thane  (mole% 
of  demerhy- 
lated  toluene) 

on 

toluene 

passed 

on 

toluene 

reacted 

2 

13 

430° 

45.4 

84.0 

33.9 

33.5 

80.5 

3 

23 

440 

33.2 

90.5 

25.0 

27.7 

83.5 

— 

4 

33 

450 

35.3 

89.4 

33.5 

.35.3 

86.5 

99 

6 

53 

460 

36.8 

90.1 

29.5 

31.3 

85.0 

120 

8 

73 

470 

31.5 

89.0 

23.5 

24.5 

81.0 

208 

10 

93 

480 

37.8 

88.1 

28.7 

30.0 

78.6 

226 

14 

113 

490 

33.0 

85.2 

24.1 

25.8 

72.3 

266 

15 

123 

510 

35.0 

83.5 

22.5 

22.8 

67.8 

302 

where  AZ  is  Uie  cliange  in  free  energy  of  tlie  reactions  1-4  (in  kcal/ mole  [5]),  T  tlic  temperature  (in  *K),  R  the 
gas  coastant  (in  kcal/ mole  'K).  We  calculated  the  degree  of  transformation  ("equilibrium  state")  of  tlie  reagents 
according  to  reactions  1-4  depending  on  tlie  molar  ratio  of  reagents  and  value  of  the  pressure  at  427  and  527*. 
These  calculations  arc  not  given  in  the  paper. 

For  reaction  1  at  527*,  atmospheric  pressure,  and  stoichiometric  ratio  of  reagents,  tlie  degree  of  transform¬ 
ation  of  toluene  into  benzene  is  967<'.  When  the  pressure  is  increased  to  5  atm  or  the  molar  ratio  of  Hj  :  toluene 
to  5,  the  degree  of  transformation  of  toluene  into  benzene  reaches  9Sf7o. 

In  tlie  case  of  reactions  3  and  4  the  degree  of  transformation  of  toluene  and  benzene  Into  methylcyclo- 
hcxanc  and  cyclohexane  respectively  in  tlie  tcmpclature  range  427-527*  and  at  atmospheric  pressure  is  very  slight 
(hundredtlis  of  a  percent).  However,  with  increased  hydrogen  pressure  the  degree  of  transformation  Is  markedly 
increased.  Thus,  even  at  5  atm  hydrogen  pressure  and  427*  the  degree  of  transformation  of  toluene  into  methyl- 
cyclohexane  is  0.67o,  and  at  25  atm  and  tlie  same  temperature  it  rises  to  35‘yo.  Under  these  conditions  the  degree 
of  transformation  of  benzene  into  cyclohexane  is  1  and  49^/c>  respectively.  Witli  increase  in  temperaturc.equillb- 
rium  in  reactions  3  and  4  shifts  strongly  toward  the  formation  of  aromatic  hydrocarbons.  Thus,  taking 
our  lowest  temperature  limits  430*  (at  a  hydrogen  pressure  not  above  5  atm)  tliere  is  a  definite  minimum  possible 
transformation  of  aromatic  into  hydroaromatic  hydrocarbons.  The  upper  limit  of  temperature  is  510*,  since  at 
higher  temperatures  the  process  of  "coking"  of  tlie  catalyst  occurs,  and  there  Is  also  development  of  undesirable 
processes  of  destruction  of  the  aromatic  ring  (reaction  2). 

In  addition  to  tlie  study  of  the  effect  of  gradual  increasing  of  tlie  temperature  from  430  to  510*  on  the 
process  of  demethylation  of  toluene,  we  have  also  studied  the  effect  of  change  in  rate  of  supply  of  toluene  from 
0.5  to  1  hr'^. 


EX  PERIMENT  AL 

St«H2ig  Products.  Toluene,  C.  P.,  b.  p.  110-110.5*  (746  mm),  n*°D  1.4970,  d*®^  0.8668.  Hydrogen,  electro¬ 
lytic,  All-Union  State  Standard  3022-45,  Hj  content  99.77o. 

Preparation  of  10%  nickel-alumina  catalyst.  Ignited  commercial  aluminum  oxide  was  saturated  with  a 
solution  of  nickel  nitrate,  dried,  and  formed  into  cylinders  4x4  mm.  Tlien  tlie  catalyst  was  reduced  In  a  stream 
of  hydrogen  [6].  The  activity  of  the  catalyst  was  determined  by  the  intensity  of  hydrogenation  of  benzene  at  170- 
180*.  The  specific  surface  of  the  catalyst  was  determined  by  the  dynamic  method  of  adsorption  of  benzene  (7] 
and  the  mechanical  strength  by  the  method  of  the  VNII  NP." 


•  Method  and  apparatus  for  determination  of  mechanical  strength  of  catalysts  9882-TU,  Ministry  of  the  Petroleum 
Industry,  USSR. 
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TABLE  2 

Yield  and  Composition  of  Products  of  Catalysis  Depending  on  Volume  Rate  of  Passing 
Toluene,  p  =  5  atm,  5Hj  :  HC 


Vol.  rate  of  passing 
toluene 

V  = 

:  0.5  hour 

-1 

V  : 

“  1  hour  ■ 

1 

Exper.  No. 

1 

1  ’  1 

1  ^  1 

1  ^ 

1  ^ 

1 

ts 

IR  1 

1  1 

I 

22  1 

24 

25  1 

27 

Temporature 

430 

440 

450 

460 

^470 

1 

480 

510 

430 

440 

450 

460 

470 

480 

510 

Degree  of  transform¬ 
ation  of  toluene,  % 

.55.0 

33.2 

35.3 

36.8 

31.5 

37.8 

.35.0 

42.1 

22.1 

16.9 

22.5 

19.8 

20.1 

23,1 

1 

Yield  of  catalyzate. 

85.0 

90.5 

89.4 

90.1 

89.0 

88.1 

83.5 

1 

86.4 

9.3.5 

96.4 

91.4 

94.9 

91.2 

86.6 

%  benzene  in 
catalyzate 

Yield  of  benzene 
(in  mole  ^h) 

47.2 

25.0 

33.5 

29.5 

23.5 

28.7 

22.5 

31.6 

16.3 

14.6 

15.2 

14.6 

12.3 

10.6 

a)  on  toluene 
passed 

47.3 

27.7 

35.3 

31.3 

24.5 

30.0 

22.8 

32.1 

17.9 

16.5 

16.3 

16.1 

13.2 

11.4 

b)  on  toluene 
reacted 

86.0 

83.5 

86.5 

85.0 

81.0 

78.6 

62.8 

92.0 

90.0 

92.0 

89.0 

88.5 

82.0 

79.0 

Yield  of  mctliane  (in 
mole  ^/o  on  dc  - 
methylated  toluene) 

112 

97 

99 

120 

208 

226 

302 

95 

98 

99 

105 

115 

127 

140 

TABLE  3 

Fractional  Composition  of  Catalyzate  and  Composition  of  Gaseous  Products  Obtained 
in  Hydrodemetliylation  of  Toluene 


Exper. 

Temp. 

Catalyzate  properties 

B.  p.  of 
fraction 

Amt.  of 

fraction. 

Gas  comp., 
vol.  % 

No. 

n,*o 

%  1 

hydroger 

methane 

To  79® 

1.0 

79—80 

33.9 

2 

430® 

1.4972 

0.8723 

80-109 

109—110 

1.5 

59.1 

97.0 

3.0 

Residue 

2.5 

Loss 

2.0 

Ao  79 

0.6 

79—80 

29.2 

5 

450 

1.4980 

0.8690 

80—109 

109-110 

0.5 

66.7 

93.5 

6.5 

Residue 

1.4 

Loss 

1.6 

Ao  79 

0.4 

79-80 

22.5 

15 

510 

1.4980 

0.8675 

80—109 

109—110 

0.3 

73.6 

81.0 

19.0 

Residue 

1.7 

1 

Loss 

1.5 

450 


Analysis  of  Liquid  and  Gaseous  Products  of  the  Catalysis. 

For  tlic  liquid  products  we  determined  the  index  of  refraction 
and  specific  gravity.  The  catalyzate  was  fractionated  in  a 
rectification  column  with  an  effectiveness  of  42  theoretical 
plates.  The  content  of  six  membered  cyclanes  in  the  corres¬ 
ponding  fractions  was  established  by  dehydrogenating  them 
according  to  die  method  of  N.  D.  Zelinskii  [8]  over  lO^o  nickel- 
alumina  catalyst  at  300-305*  at  atmospheric  pressure.  The 
separate  fractions  of  catalyzate  were  submitted  to  optical 
analysis  by  the  method  of  combination  light  scattering.* 

Apparatus.  The  experiments  were  carried  out  in  a  con¬ 
tinuous  How  apparatus  like  diat  described  in  the  previous 
communication  [2].  The  reactor  was  a  contact  tube  of  stain¬ 
less  steel  with  internal  diameter  25  mm  enclosed  in  a  block  of 
aluminum  bronze  supplied  witli  electric  heat  at  automatically 
regulated  temperature. 

Course  of  the  Experiments.  In  the  reactor  was  placed  100  ml  of  20^0  nickel-alumina  catalyst  and  100  ml 
of  prccontact  material  (4x4  mm  cylinders  of  aluminum  oxide)  which  was  designed  to  evaporate  and  heat  the 
toluene  vapors  and  hydrogen  to  the  required  temperature.  Thus,  die  vapor-gas  mixture  was  passed  over  the  catalyst 
wlien  heated  at  die  temperature  of  the  experiment. 

The  products  of  catalysis  were  passed  throtigh  a  condenser  into  a  receiving  separator.  The  catalyzate  was 
collected  in  die  separator  and  the  gaseous  products  were  passed  into  an  absorber  filled  widi  activated  charcoal 
and  then  were  passed  into  the  atmosphere. 

At  first  die  toluene  was  passed  over  the  catalyst  for  1-2  hours  (pre-experiment  period).  Then  the  rate  of 
passing  the  toluene  and  hydrogen,  temperature,  and  pressure  were  established.  After  removal  from  the  receiver 
of  tlic  catalyzate  which  had  collected  during  the  p^e -experimental  period,  the  experiment  was  carried  out  widi 
a  continuous  study  of  the  activity  and  stability  of  the  catalyst. 

We  ran  two  sets  of  experiments  on  the  catalytic  demcthylation  of  toluene  with  gradual  Increase  in  the 
pressure  from  430  to  510*,  pressure  5  atm,  mole  ratio  of  hydrogen  :  toluene  equal  to  5,  and  volume  rate  of  sup¬ 
plying  toluene  from  0.5  to  1  hour'*.  Eacli  set  of  experiments  was  carried  out  with  freshly  prepared  catalyst  and 
included  from  12  to  15  experiments,  each  lasting  ten  hours.  In  most  of  the  experiments  we  made  a  material 
balance  of  die  starting  and  final  products  of  the  catalysis.  The  loss  in  running  die  experiments  was  usually  not 
above  2-37o, 

In  the  first  set  of  experiments  we  studied  the  effect  of  raisir^  die  temperature  on  the  process  of  dcmethylat- 
ing  toluene.  As  the  content  of  benzene  in  the  catalyzate  fell  to  157«>,  the  temperature  correspondingly  was  raised 
by  10*"  which  compensated  for  the  fall  in  activity  of  the  catalyst,  and  diercfore  the  average  composition  of  the 
catalyzate  over  the  length  of  the  experiment  remained  practically  unchanged.  The  results  of  the  experiments  are 
given  in  Table  1. 

In  the  second  set  of  experiments  we  studied  the  effect  of  raising  die  rate  of  supplying  toluene  (v  =  1  hour'^) 
on  die  process  of  its  dcmethylation.  The  results  of  die  experiments  are  given  in  Table  2  and  shown  in  the  Figure. 

The  characteristics  of  the  catalyzate  obtained  in  the  experiments  of  the  first  series  and  also  the  results  of  the 
fractionations  and  the  composition  of  the  gaseous  products  of  the  catalysis  arc  given  for  the  most  characteristic 
experiments  in  Table  3. 

As  the  data  of  Table  1  show,  the  degree  of  conversion  of  toluene  averages  35‘7‘>.  The  yields  of  catalyzate 
vary  within  die  limits  Sb-OJT/o.  The  benzene  content  in  die  catalyzate  averages  25-3Cr/o.  The  reaction  of  destruc¬ 
tion  of  the  aromatic  ring,  accompanied  by  increased  gas  formation,  showed  some  development  only  at  comparatively 
liigh  temperatures  (4G0-470’).  Widi  further  rise  in  temperature  to  510"  die  yield  of  mcdianc  in  the  dcmethylation  of 
toluene  gradually  increased,  reaching  its  greatest  value,  3027®,  in  experiment  15. 

•The  optical  analysis  was  carried  out  by  Yu.  P.  Egorov,  to  whom  the  authors  express  their  gratitude. 


Content  of  benzene  in  the  catalyzate 
depending  on  the  value  of  the  volume 
rate  of  supplying  toluene.  Volume  rate 
(in  hours'*):  1)  0.5;  2)  1. 


451 


It  follows  from  tlie  data  of  Table  3  that  the  content  In  tlie  catalyzate  of  a  small  amount  of  hydroaromatic 
hydrocarbons,  among  which  were  cyclohexane  and  metliylcyclohexanc,  fell  with  rising  temperature.  Thus,  in 
tlie  case  of  dcmctliylation  of  toluene  tlie  content  of  fraction  80-109"  decreased  from  l.S7o  at  430*  to  O.SVo  at  510*. 

At  tlic  same  time,  witli  increased  period  of  work  of  the  catalyst  the  benzene  content  in  the  catalyzate  fell  (frac¬ 
tion  79-80*)  from  33.97o  (experiment  2)  to  (experiment  15).  The  methane  content  in  die  gaseous  products 

of  catalysis  increased  sharply  with  rising  temperature  from  3h7o  (experiment  2)  to  19.(/7o  (experiment  15). 

We  can  conclude  from  the  data  of  Table  2  and  the  curves  in  the  figure  diat  doubling  die  rate  of  supplying 
toluene,  from  0.5  to  1  hour'*,  leads  to  a  marked  fall  in  content  of  benzene  in  the  catalyzate  in  all  methods  of 
running  the  process.  However,  when  the  rate  of  supply  was  increased  diere  was  a  considerable  decrease  in  yield 
of  methane  in  die  demethylation  of  toluene,  especially  in  die  region  of  high  temperature  (beginning  from  460*) 
which  led  to  an  increased  yield  of  catalyzate.  Thus,  for  example,  the  yield  of  methane  fell  at  510*  from  302 
to  140f!7o  (experiments  15  and  17)  but  die  yield  of  catalyzate  correspondingly  rose  from  83.5  to  86.07o. 

As  the  results  of  the  determination  of  specific  surface  of  fresh  and  spent  forms  of  catalyst  in  the*  first  set 
,of  experiments  showed,  its  specific  surface  was  190  and  164  m*/ g  respectively,  diat  is,  it  decreased  by  iBVo.  The 
content  of  "coke"  in  the  worked  catalyst  was  b.^k.  The  forms  of  fresh  and  sjient  catalyst  were  studied  for  mechani¬ 
cal  strength  which  for  the  fresli  catalyst  was  8200  g  and  for  the  spent  one,  5800  g.  Thus,  on  the  basis  of  these 
results  we  can  conclude  that  with  gradual  increase  in  the  temperature  in  the  limits  430-510*  the  intensity  of  con¬ 
version  of  toluene  on  lO^o  nickel-alumina  catalyst  is  maintained  for  a  long  time  at  almost  the  same  level.  Thus, 

If  the  demethylation  of  toluene  is  carried  out  at  a  constant  temperature  of  460*,  die  "productive  life"  of  the 
catalyst  will  be  not  mote  than  50  hours  [2],  while  if  the  same  process  is  run  in  die  wide  temperature  range  430-510* 
witliout  regeneration  it  will  be  more  dian  120  hours.  On  diis,  the  activity  of  die  catalyst  with  respect  to  hydrogenol- 
ysls  of  die  mcdiyl  group  will  continue  to  be  sufficiently  high,  and  the  content  of  benzene  in  die  catalyzate  will 
not  be  below  207o  in  die  last  hours  of  work  of  die  catalyst.  However,  die  selectivity  of  the  catalyst  becomes 
markedly  less.  Thus,  die  reaction  of  hydrocracking  of  the  aromatic  rir^  shows  considerable  development  above 
460".  As  to  die  formation  of  hydroaromaiic  hydrocarbons,  even  at  less  high  temperatures  (430-440*)  it  is  slight 
because  of  die  low  pressure.  Increasing  die  rate  of  supplying  the  toluene  twofold  (from  0.5  to  1  hour**)  is  greatly 
reflected  In  the  composition  of  the  catalyzate  and  the  Intensity  of  gas  formation.  In  this  case,  the  content  of 
benzene  In  die  catalyzate  decreases  by  about  4070  compared  to  Its  content  at  half  the  rate  of  supply.  On  the 
other  hand,  the  process  of  gas  formation  which  results  from  destruction  of  die  aromatic  ring  Is  greatly  hindered 
which  leads  to  increased  yield  of  catalyzate  and  yield  of  benzene  in  the  conversion  of  toluene.  The  amount  of 
benzene  obtained  from  1  ml  of  catalyst  in  its  work  during  100  hours  at  a  rate  of  supplying  toluene  of  0.5  hours'* 
is  13.4  g,  and  at  a  volume  rate  of  1  hour'*,  15.6  g.  The  choice  of  a  rate  of  supply  of  toluene  of  1  hour'*  cannot 
be  considered  sufficiently  desirable  with  the  unwanted  obtainii^  of  a  catalyzate  with  a  low  benzene  content  under 
corxlitlons  of  an  enlarged  apparatus. 


SUMMARY 

1.  It  is  shown  that  in  a  continuous  flow  apparatus  under  a  hydrogen  pressure  of  5  atm  at  a  volume  rate 

0.5  hours'*,  5H2  :  HC,  and  a  gradual  increase  in  temperature  from  430  to  510*  on  a  ICf/o  nickel -alumina  catalyst, 
the  demediylation  of  toluene  to  benzene  goes  practically  without  side  reactions  which  form  hydroaromatic  hydro¬ 
carbons  or  overformaiion  of  the  methyl  group.  The  yield  of  catalyzate  which  contains  30-3370  benzene  is  then 
85-9Cf7o  on  the  average.  The  "productive  life"  of  the  catalyst  witliout  regeneration  under  tliese  conditions  is  more 
tlian  120  hours.  Hydrocracking  of  the  benzene  ring  to  methane  shows  some  development  only  at  temperatures 
above  460*,  but  this  has  no  important  effect  on  the  yield  of  benzene. 

2.  Increase  in  tlie  volume  rate  of  supplying  toluene  from  0.5  to  1  hour"*  while  keeping  tlie  other  para¬ 
meters  of  the  process  unchanged  leads  to  a  considerable  fall  (from  30-337o  to  15-2Cf7'>)  in  content  of  benzene  in 
the  catalyzate,  but  at  the  same  time  tliere  is  observed  a  marked  ability  to  decrease  the  gas  formation. 
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Gustavson  [1]  first  observed  in  the  bromination  of  cymene  that  in  the  presence  of  aluminum  chloride  the 
Isopropyl  group  of  cymene  was  split  off  and  pcntabromotoluene  and  isopropyl  bromide  were  formed.  Then  Friedel 
and  Crafts,  Jacobson,  and  other  autliors  [2-6]  made  detailed  studies  of  the  reaction  of  conversion  and  redistribution 
of  tlte  alkyl  groups  in  aromatic  hydrocarbons  under  die  influence  of  aluminum  chloride.  Recently  the  dealkyla¬ 
tion  reaction  has  been  studied  by  many  investigators  [7-12]  and  has  been  discussed  in  detail  in  the  review  paper 
of  l.ebcdcv  [13].  Of  the  works  published  after  1950,  the  work  of  Dalin  and  co-workers  [14]  deserves  particular 
attention;  tliey  studied  the  reaction  between  complexes  of  aluminum  chloride-hydrocarbons  — hydrogenchloride 
and  tlie  starting  raw  material.  The  authors  showed  tliat  die  composition  of  the  hydrocarbon  part  of  tlie  complex 
changed  during  alkylation,  and  hydrogen  chloride  made  up  part  of  its  composition.  The  role  of  the  latter  was  first 
noted  by  Gustavson  [15,  16]  and  later  by  odier  investigators  [17,  20]. 

Aldiough  Dalin  et  al.  [14]  studied  die  change  in  the  catalyst  layer  during  alkylation,  the  question  of  die 
process  during  dealkylation  of  aromatic  hydrocarbons  has  not  been  considered  in  die  literature. 

The  present  investigation  was  carried  out  to  study  the  effect  of  temperature  on  the  process  of  dealkylation 
of  polyisopropylbenzene  widi  a  simultaneous  study  of  the  composition  of  the  catalyst  (complex)  and  hydrocarbon 
layer.  We  also  devoted  attention  to  the  isomeric  composition  of  the  resulting  alkylates.  The  study  of  the  iso¬ 
meric  composition  was  carried  out  by  the  method  of  combination  light  scattering. 

EXPERIMENTAL 

Raw  Materials.  We  used  for  the  dealkylation  mono-,  di-,  and  triisoprepylbenzene  fractions  obtained  by 
alkylating  benzene  widi  propylene  in  the  presence  of  aluminum  chloride  with  two  later  distillations  in  a  rectify¬ 
ing  column  with  an  effectiveness  of  30  theoretical  plates.  The  characteristics  of  the  fractions  are  given  in  Table 

1. 

Method  of  Work.  Dealkylation  of  the  alkylbenzenes  was  carried  out  at  20,  40,  60,  and  80*  in  a  three  neck 
flask  fitted  widi  a  reflux  condenser,  screw  stirrer  and  a  bubbler  for  supplying  hydrogen  chloride.  The  stirrer  rotated 
at  a  speed  of  2000-2500  rpm.  The  temperature  was  maintained  by  a  water  bath  with  a  contact  thermometer.  For 
treatment  of  the  alkylbenzenes  we  used  0.27  moles  of  aluminum  chloride  per  1  mole  of  alkylbenzene  in  order  to 
obtain  die  maximum  amount  of  catalyst  layer.  The  time  of  treating  die  fractions  was  six  hours  which  assured 
sufficient  equilibrium  composition  for  the  alkylbenzenes.  After  treatment,  die  dealkylatcd  mixture  was  allowed  to 
stand  and  was  carefully  separated  into  an  upper,  hydrocarbon,  and  a  lower,  catalyst,  layer.  The  layers  were  sepa¬ 
rately  waslicd  successively  with  ice  water,  dilute  hydrochloric  acid,  and  then  widi  water  to  a  neutral  reaction. 
Benzene  was  easily  separated  in  a  vacuum  at  20-30*  and  residual  pressure  of  10-12  mm  Hg  without  any  combina¬ 
tion  widi  aluminum  chloride  as  a  complex  [14].  The  hydrocarbons  isolated  from  each  layer  were  distilled  in  a 
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TABLE  1 

Characteristics  of  the  Starting  Raw  Material 


Fraction 

B.  p. 

d.w 

Iodine  No. 

Content 

Isopropyl¬ 

benzene 

Diisopropyl¬ 

benzenes 

1,3,6-uiiso- 

propylbcnzene 

1.3- 

isomer 

1.4- 

isomer 

Monoisopropylbenzene 

Di  i  sopropy  Ibe  nze  ne 

T  riisopropylbenzene 

Ki8-152° 

1118—212 

225-235 

O.S621 

0.8510 

0.8552 

1.1910 

t./iS91 

l.'iS88 

0.0 

0.0 

0.0 

100 

61 

36 

100 

TABLE  2 


Dealkylation  of  Isopropylbenzene 


Catalyzate  composition 

o. 

E 

Layer 

Color  of 

benzene 

isopropyl 

benzene 

diisopropyl 

benzene 

triiso  - 
propyl - 
Dcnzenc; 

resid. 

H 

product 

2 

<u 

•  rt 
<')  N 

#2 

ri  ^ 
w  ^ 

£ 

(U 

w 

1  nj 
a  Ni 

CJ  ^ 

#  2 

>  4) 

fd 

V 

1  ^ 

N 

O  ^ 
#  2 

<0  (U 
u.  *-> 

V?-  p 

(U 

1  ^ 
rt  N 

•*3 

2 

E 

0) 

*.■ 

1 

#2 

*3 

2  a 
#  6 

20°  1 

Hydro¬ 

carbon 

Yellow 

35.4 

21.6 

8.6 

54.6 

19.3 

11.4* 

4.0 

— 

— 

9.6 

3.5 

Catalyst 

Light  brown 

G4.6 

20.8 

13.4 

31.4 

20.2 

14.6 

9.4 

27.3 

17.6 

6.0 

3.9 

40  1 

Hydio- 

carbon 

Yellow 

34.2 

26.5 

9.0 

53.4 

18.5 

10.6* 

3.5 

— 

— 

9.5 

3.2 

Catalyst 

Dark  brown 

65.8 

22.8 

15.0 

.30.6 

20.3 

13.6 

8.9 

22.8 

15.0 

10.1 

6.6 

GO  j 

Hydro¬ 

carbon 

Yellow 

.32.1' 

27.7 

8.9 

53.2 

17.1 

10.7* 

3.4 

— 

— 

8.4 

2.7 

Catalyst 

Dark  brown 

67.9 

26.3 

17.9 

29.4 

19.9 

8.4 

5.7 

21.6 

14.7 

14.3 

9.7 

80  1 

Hydro¬ 

carbon 

Yellow 

21.6 

4.3.5 

9.4 

40.3*  • 

8.7 

— 

— 

— 

16.1 

3.5 

Catalyst 

Dark  brown 

78.4 

.38.4 

.30.1 

24.8 

19.4 

5.0 

3.9 

14.1 

11.1 

17.7 

13.9 

rectifying  column.  Intermediate  fractions,  which  as  a  rule  made  up  not  more  than  1.5-27<»,  were  divided  among 
the  neighboring  alkylbcnzenes. 

The  results  of  the  experiments  arc  given  in  Table  2-4. 

In  Table  2  we  give  data  on  dealkylation  of  monoisopropylbenzene.  Increase  in  temperature  of  treatment  lowers 
the  content  of  monoisopropylbenzene  in  the  hydrocarbon  layer:  if  at  20*  19.37o  isopropylbenzene  remains,  at  80* 
there  is  8.T)o.  This  ts  also  indicated  by  the  increase  in  benzene  content  in  botli  hydrocarbon  and  catalyst  layers; 
its  content  in  tlie  catalyst  layer  rises  more  sharply  than  in  the  hydrocarbon  layer.  Increase  in  temperature  has  the 
same  effect  on  the  ratio  between  catalyst  and  hydrocarbon  layer;  if  treatment  at  20*  gives  a  ratio  of  1.8,  at  80* 
the  ratio  is  3.6.  Such  a  sharp  increase  in  tlic  ratio  indicates  tlie  concentration  in  the  catalyst  layer  not  only  of 
benzene,  but  also  of  di-,  tri-,  and  probably  tetraisopropylbenzenes.  Besides  the  higher  alkyl  benzenes  there  is 


•Heated  to  203* 
••  Heated  to  155* 
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TABLE  3 

Dealkylation  of  DIIsopropylLenzenc 


Q. 

E 

V 

H 

Layer 

Color  of 
pro-duct 

Catalyzate  composition 

benzene 

isonro- 

pyl- 

bcnzcnc 

diisopro¬ 

pylben¬ 

zene 

iriiso- 

propyl- 

benzene 

residue 

1 

<-0 

V 

•  d 

fd 

rj  w 

<u 

Imt 

1 

n  N 
y  >> 

#2 

«  3 

^  ca 

a 

1  ^ 

N 

O 

^2 

•>  1- 

*-*  ca 

<u 

u 

o.S' 

<d 

>  £- 
^  a 

^  a 

Hydro- 

Yellow 

47.5 

1.3 

O.G 

31.5 

14.9 

55.6 

26.4 

4.4 

2.1 

7.2 

3.4 

carbon 

20° 

Catalyst 

GcLitinous 

.52.5 

0.8 

0.4 

10.7 

5.r. 

26.1 

1.3.7 

54.5 

28.6 

7.9 

4.1 

yellow 

Hydro- 

Yellow 

64.3 

1.5 

0.9 

22.3 

14.3 

58.1 

37.3 

11.5 

7.4 

6.5 

4.2 

carbon 

40 

Catalyst 

Gelatinous 

35.7 

0.9 

0.,3 

9.0 

.3.4 

2.3.4 

8.4 

5.3.5 

19.1 

12.6 

4.5 

dark  yellow 

Hydro- 

Yellow 

68.4 

2.8 

1.9 

19.0 

13.0 

60.6 

41.5 

10.8 

7.4 

6.8 

4.6 

carbon 

60 

Catalyst 

Dark  brown 

31.6 

2.4 

0.7 

13.3 

4.2 

23.2 

7.3 

34.8 

11.0 

26.2 

8.3 

Hydro- 

Yellow 

72.7 

.3.1 

2.2 

20.8 

15.1 

.56.8 

41.3 

10.5 

7.6 

8.8 

6.4 

kci 

carbon 

Catalyst 

Dark  brown 

26.8 

1.9 

0..5 

19.5 

5.2 

41.1 

11.0 

9.1 

2.4 

28.4 

7.6 

TABLE  4 

Dealkylation  of  Triisopropylbenzene 


Catalyzate  composition 


Layer 

External 
appearance 
or  washed 
layer 

2 

’ll) 

,  lisopro-  Idiisopro- 

bcnzene|pyi-  pyl- 

.benzenc  benzene 

triiso- 

nropyl- 

benzenc 

residue 

Temp, 

w! 

w 

•  ^ 

fj  >s 
Vo 

3X1 

cd  0) 

^  C3 

-:^E 

0) 

1  rt 

C3  N 

cd 

*-i  a 

<u 

1  ^ 

A  2 

4 

rtl 

0) 

3^1 
^  2 

<d 

*"■  « 
s^E 

U 

V' 

1  *a 

rt  N 

#2 

-^o  raw 
material 

Hydrocarbon 

Yellow  liquid 

66.4 

— 

— 

— 

— 

3.5 

2.3 

89.1 

59.2 

7.4 

4.9 

20° 

Catalyst 

Finely  crystal¬ 
line  yellow 
precipitate 

33.6 

— 

— 

— 

2.7 

(M) 

86.6 

29.1 

10.-7 

3.6 

Hydroc  arbor 

Yellow  liquid 

«)8.4 

— 

— 

0.5 

0.3 

5.1 

3.5 

84.6 

57.9 

9.8 

6.7 

40 

Catalyst 

Finely  crystal¬ 
line  yellow- 
orange 
precipitate 
Yellow  liquid 

31.6 

_ 

0.8 

0.2 

6.5 

2.0 

83.5 

26.4 

9.2 

2.9 

Hydrocarbo: 

71.2 

0.5 

0.3 

1.2 

0.8 

22.6 

16.1 

67.9 

48.3 

7.8 

5.5 

00 

Catalyst 

Dark  brown 
viscous  liquid 

28.8 

— 

— 

1.3 

0.4 

8.4 

2.4 

62.1  • 

17.9 

28.2 

8.1 

Hydrocarbon 

Yellow  liquid 

73.4 

0.6 

0.4 

4.3 

3.1 

39.4 

28.9 

46.9 

34.4 

8.8 

6.5 

80 

Catalyst 

1 

Dark  brown 
viscous  liquid 

26.6 

— 

— 

3.8 

1.0 

22.9 

6.1 

33.1  * 

8.8 

40.2 

10.7 

•  Heated  to  250*-visco'is  liquid. 
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concenixatlon  In  the  catalyst  layer  of  polymeric  products, 
and  their  amount  is  greater  tlie  higher  the  temperature  of 
treatment.  The  data  on  content  of  polymeric  products  is 
given  In  Table  5. 

In  the  treatment  of  diisopropylbenzene  (Table  3), 
with  increased  temperature  there  is  also  Increase  In 
amount  of  diisopropylbenzene  in  the  hydrocarbon  layer. 

This  would  also  be  an  indication  of  decreased  dealkyla¬ 
tion  of  diisopropylbenzene  with  increasing  temperature. 
Increase  in  the  amount  of  benzene,  mono-,  and  triisopropyl¬ 
benzenes  in  the  hydrocarbon  layer  shows  the  presence  of 
tlie  dealkylation  reaction,  and  tliis  in  greater  degree,  the 
higher  the  temperature.  The  decreased  amount  of  trl- 
isopropylbenzene  in  tlte  catalyst  layer  with  increasing 
temperature  shows  the  presence  of  reaction  of  dealkylation 
of  triisopropylbenzene.  The  presence  of  this  reaction 
leads  to  an  increased  content  of  diisopropylbenzene  In 
tlie  hydrocarbon  layer. 

In  the  dealkylation  of  triisopropylbenzene,  as  Table  4  shows,  with  increasing  temperature  there  is  not  only 
formation  of  diisopropylbenzene,  but  also  of  monoisopropylbenzene  and  even  of  benzene.  The  formation  of 
benzene,  mono-,  and  dilsopropylbenzene  rises  with  increasing  temperature  of  treatment.. 

The  catalyst  layer  formed  In  treatment  of  triisopropylbenzene  at  different  temperatures  contains  a  consider¬ 
able  amount  of  unsaturated  hydrocarbons,  and  their  amount  increases  with  increased  temperature  of  treatment 
(Table  5). 

The  isomeric  composition  of  the  starting  raw  material  and  the  resulting  fractions  was  studied  by  the  method 
of  combination  light  scattering  (Table  1).  The  combination  light  scattering  spectrum  was  taken  on  an  ISP-51 
spectrograph  with  recording  of  the  spectrum  on  a  photographic  plate.  Interpretation  of  the  spectrum  was  carried 
out  witli  an  IZA-2  microscope  and  an  MF-2  microphotometer.  The  divergence  between  parallel  experiments  was 
usually  2°lo, 

All  tlie  data  obtained  are  shown  In  Table  6. 

As  tlie  data  of  tlie  Table  sliow,  change  in  the  temperature  of  treatment  of  the  alkylbenzenes  causes  slight 
change  in  ratio  of  meta-  and  para-isomers.  This  change  is  more  evident  in  tlie  treatment  of  tlie  diisopropyl 
fraction  by  aluminum  chloride.  In  tliis  case,  in  both  hydrocarbon  and  catalyst  layers  witli  a  fourfold  increase  in 
temperature  there  is  a  decrease  in  amount  of  the  para-isomer  due  to  its  isomerization  into  tlie  meta-isomer. 

The  triisopropylbenzene  fraction  obtained  in  treatment  with  aluminum  chloride  of  mono-,  di-  and  trl- 
isopropylbenzcnes  consists  only  of  1,3,5-triisopropylbenzene.  Unsymmetrical  triisopropylbenzene  is  not  formed 
under  these  conditions. 


TABLE  5 

Iodine  Number  of  Catalyst  Layer 


Catalyst  layer 
from 

Treat¬ 

ment 

temp. 

Iodine 

No. 

20° 

t.7 

Monoisopropyl- 

£0 

5.1 

benzene 

GO 

25.2 

80 

35.7 

20 

1.1 

Diisopropyl- 

40 

4.0 

benzene 

60 

11.9 

80 

25.2 

( 

20 

3.8 

Triisopropyl-  1 

40 

4.8 

benzene 

i 

GO 

39.3 

1 

80 

44.0 

SUMMARY 

1.  We  have  sliown  the  effect  of  temperature  on  die  process  of  dealkylation  of  isopropylbenzenes  under  the 
influence  of  aluminum  chloride.  We  have  shown  that  isopropyl  benzene  is  the  most  stable  and  isopropylbenzene 
die  least  stable. 

2.  "the  process  of  intermolecular  transfer  of  die  alkyl  group  is  accompanied  by  its  polymerization,  especially 
at  higli  temperatures. 

3.  The  temperature  and  degree  of  substitution  of  the  starting  raw  material  affects  the  isomeric  composition 
of  the  di-  and  triisopropylbenzencs  obtained  in  the  dealkylation. 
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TABLE  6 

Isomeric  Composition  of  Dl-  and  Triisopropylbenzene  Fractions  Obtained  from  Dealkylation  of  the  Raw  Material  at  Different  Temperatures 
Starting  raw  material  _  i  Hydrocarbon  layer  I  Catalyst  layer 
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UNSATURATED  HYDROCARBONS 


X.  SYNTHESIS  OF  4,4'-DIMETHYLDlPHENYL  AND  2-PHENYLNAPHTHALENE 

M.  S.  Shvartsbcrg,  M.  I.  Bardamova,  and  I.  L.  Koilyarevskil 

Eastern  Siberian  Branch, Academy  of  Sciences,  USSR 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  436-440, 

February,  1960 

Original  article  submitted  February  5,  1959 


The  ability  of  fatty  aromtic  compounds  (glycols,  alcohols,  dienes,  etc.)  and  also  the  corresponding  tetra- 
hydrofurans  to  become  aromatic  as  derivatives  of  diphenyl  has  been  shown  by  us  in  the  case  of  obtaining  4-methyl 
diphenyl  [1],  and  in  tlie  present  work  in  their  use  for  tlie  synthesis  of  4,4*-dlmetliyldiphcnyl  (I)  and  2-phenyl- 
naphtha  Icnc  (II). 

These  hydrocarbons  were  obtained  byconversion  to  aromatic  compounds  of  2,2,5-trimetliyl*5-(4'-methyl- 
plicnyl)tcttahydrofuran  (111)  and  2-mctliyl-2-phcnyl-5-splrocyclohexyltetrahydrofuran  (IV),  synthesized  from  2- 
mctliyl-5-(4’-metliylphenyl)-3-hcxyn-2,5-dIone  (V)  and  l-(l*-hydroxycyclohexyl)-3-phenyl- l-butyn-3-ol  (VI). 


A  m^i 


Fig.  1.  Ultraviolet  spectra  in  957o 
alcoliol;  1)  2-methyl-5-(4'-metliyl- 
plienyl)-3-hexyn-2,5-dIol  (V);  2)  2,2,5- 
trImctliyl-5-(4*-methylphcnyl)tetrahydro- 
furan  (III). 


A  mfi 


Fig.  2.  Ultraviolet  spectra  In  957o 
alcohol:  1)  2-phcnyl-4-(l ’-hydroxy- 
cyclolicxyl)-3-butyn-2-ol  (VI); 

2)  2-phenyl-4-(l’-hydroxycyclo- 
hexyl)-2- butanol  (VIII);  3)  2-mcthyl- 
2-phenyl-5-spIrocyclohexyltetrahydro- 
furan  (IV). 


The  hexyndiol  (V)  is  easily  obtained  by  conebnsation  of  p-methylacetophcnone  with  dimcthylethynylcarblnol 
according  to  lotsich  in  yields  of  more  than  0(flo,  When  it  is  hydrogenated  over  skeletal  nickel,  instead  of  the  ex¬ 
pected  saturated  glycol  tliere  is  formed  die  tetrahydrofuran  (III)  and  a  small  amount  of  a  carbinol  which  evidently 
has  the  structure  of  2-methyl-5-(4*-metliylphenyl)-4-hexen-2-ol  (VII). 

Conversion  to  an  aromatic  compound  of  the  tetrahydrofuran  (III)  over  a  catalyst  of  Mg0(Cri03)Alj03 
(2  :  18  :  80)  under  optimum  conditions  results  in  formation  of  4,4'-dimethyldiphenyl  (I)  with  a  yield  of  48.27i>. 
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We  showed  the  possibility  of  aromatic  conversion  of  (V)  over  the  same  catalyst  and  of  (III)  over  Cds(I04)x/  AljOi 
(20  :  80),  but  with  lower  yield. 

The  glycol  (VI)  was  synthesized  In  the  same  way  as  the  hexyndiol  (V),  from  acetoplienone  and  1-ethynyl- 
cyclohexan-l-ol  in  nearly  quantitative  yields.  This  glycol  hydrogenates  to  l-(l’-hydroxycyclohexyl)-3-phenyl' 
3-butanol  (VIII)  and  the  latter  under  the  action  of  hydrogen  chloride  dehydrates  to  tlie  tetrahydrofuran  (IV). 

Aromatic  conversion  of  the  teurahydrofuran  (IV)  was  carried  out  over  a  catalyst  of  Mg0(Cri03)Alj0s  with 
varying  chromium  oxide  content.  The  best  results  were  obtained  with  a  content  of  the  latter  of  87o  in  the  catalyst, 
which  is  probably  specific  only  for  a  compound  which  is  aromatized  rapidly  enough  and  easily  undergoes  crack¬ 
ing.  (In  the  similar  synthesis  of  p-xylene  and  p-terphenyl  over  chromium-poor  catalysts  the  reaction  is  Incomplete). 
Under  optimum  conditions  (650*,  0.55-0.72  kg/  liter  of  catalyst  per  hour)  the  yield  of  2-phenylnapthalene  (II) 
reaches  3Cf^. 

Our  2-phenylnaphtlialene  contains  a  small  amount  of  high  melting  contaminant  which  Is  difficult  to  separate 
In  recrysialllzatlon.  The  structure  of(II)  is  shown  by  oxidation  to  2-phenyl-l,4-naphtlioquinone  (IX)  and  the  agree¬ 
ment  of  the  ultraviolet  absorption  spectrum*  witli  tlie  literature  data  [2]. 
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•All  spectra  were  taken  on  an  SF-4  spectrophotometer. 
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EXPERIMENTAL 


Obtaining,  2-methyl-5-(4*-mcthylphcnyl)-3-hexyn-2,5-dlol  (V).  To  a  solution  of  ethyl  magnesium  bromide 
prepared  from  5  g  of  magnesium  and  30  g  of  etliyl  bromide  in  100  ml  of  ether  we  added  witli  cooling  8.4  g  of  di- 
methylcthynylcarbinol  and  stirred  two  hours  at  20-35*.  After  addition  of  10.5  g  of  metltylacetophenone  the  re¬ 
action  mixture  was  stirred  for  several  hours  at  room  temperature  and  allowed  to  stand  overnight.  Decomposition 
was  carried  out  with  moist  ether  and  water,  the  residue  was  dissolved  In  2-Syo  sulfuric  acid  and  was  extracted  with 
ether.  Distillation  of  ilie  eilier  gave  15.7  g  (Ol.T/o)  of  glycol  (V),  m.  p.  94.5-95*  (from  ligroin). 

I-ound*^:  C  77.12, 11  8.16.  CuHigOj.  Calculated  *70:  C  77.02;  118.31. 

Hydrogenation  of  2-mctliyl-5-(4*-methylplienyl)-3-hexyn-2,5-dIol  (V).  2,2,5-TrImeiliyl-5-(4’-methyl- 
phcnyl)ieirahydrofuran  (III).  We  hydrogenated  153.4  g  of  glycol  (V)  in  400  ml  of  metlianol  over  skeletal  nickel 
at  rootn  temperature  and  an  initial  pressure  of  75  atm  until  absorption  of  liydrogen  stopped.  After  distillation  of 
tlic  solvent,  the  residue  was  distilled  In  a  vacuum  in  small  portions.  The  resulting  product  (118.3  g)  was  frac¬ 
tionated,  as  a  result  of  which  wc  isolated  96  g  (66.97o)  of  Uic  tetrahydrofuran  (HI),  a  colorless  liquid  which  did  not 
change  after  distillation  over  metallic  sodium. 

B.  p.  88-89*  (3  mm),  d”^  0.9465,  n*®D  1.4996,  MRj)  63.36;  calculated  62.69  (literature  data  [3]:  b.  p. 
118-120*  at  10  mm). 

Founder  C  82.43;  H  9.92.  CuH,oO.  Calculated "yo:  C  82.30;  H  9.87. 

A  Chugaev-Tserevlilnov  test  showed  the  absence  of  active  hydrogen. 

Besides  die  tetrahydrofuran  (III)  we  isolated  a  substance  whicli  was  probably  the  unsaturated  carbinol  for 
whicli,  by  analogy  with  the  alcoliol  obtained  in  the  distillation  of  2-mcdiyl-5-phenylhexan-2,5-diol,  we  can 
assume  a  structure  (VII).  Yield  13.5  g  (9.470). 

B.  p.  122-124*  (3  mm),  d*®^  0.9596,  n*®D  1.5242,  MRp  65.16;  calculated  64.31. 

Found  C  82.18;  H  10.02.  No.  active  H  0.92.  CuHjoO-  Calculated  "/o:  C  82.30;  H  9.87.  No.  active 

H  1. 


Obtaining  4,4’-dimcdiyldIplienyl  (I).  1)  Aromatization  of  2,2,5-trImcthyl-5-(4’-mcdiylphenyl)tctrahydro- 
furan  (III).  The  aromatization  was  carried  out  in  a  continuous  flow  apparattis  over  a  catalyst  of  Mg0(Cr203)Al203 
(2:18:  80)  at  550-560*  and  a  rate  of  supply  of  tlie  tcuahydrofuran  (III)  of  0.75-0.80  kg/  liter  of  catalyst  per  hour. 
We  placed  8-12  g  of  tetrahydrofuran  (III)  as  a  2(77o  (or  4(r/o)  solution  in  benzene  in  the  catalysis  tube  with  25  ml 
of  catalyst  and  die  product  after  distillation  of  the  solvent  was  fractionated  in  a  vacuum  from  a  Claisen  flask. 

The  crystalline  fraction,  washed  with  a  small  amount  of  ether,  was  4,4'-dimethyldiphenyl;  yield  47.4-48.27o, 
after  recrystallization  from  ether,  m.  p.  120.5-121*  (literature  data  [6]:  m.  p.  121,  125*). 

Found‘7o:  C  92.31;  H  7.69.  Cj^Hu-  Calculated "/o;  C  92.26;  H  7.74. 

The  ultraviolet  absorption  spectrum  agreed  fully  with  that  from  the  literature  [2]. 

The  catalyst  was  regenerated  by  three  hour  passage  of  air  at  600*.  After  the  aromatization  of  the  tetrahydro¬ 
furan  (III)  over  a  Cd3(P04)2/ AI2O3  (20  :  80)  catalyst  (530“,  0.28  kg/ liter  of  catalyst  per  hour)  wc  also  obtained  (I) 
widi  a  ’iTjo  yield. 

2)  Aromatization  of  2-mcthyl-5-(4*-methylphenyl)-3-hcxyn-2,5-diol  (V).  Aromatization  of  the  glycol 
(V),  in  order  to  decrease  the  decomposition  of  die  starting  compound,  was  carried  out  in  a  V-tube  Immersed  in 
a  salt  bath  [5].  The  yield  of  4,4'-dimcdiyldiphenyl  did  not  exceed  ll-l27o  (430*,  0.26  kg/ liter  of  catalyst  per 
hour). 

Obtaining  1-(1  *-hydroxycyclohcxyl)-3-phenyl-l-butyn-3-ol  (VI).  The  acetylene  glycol  (VI)  was  obtained 
like  (V)  by  die  lotsich  reaction  from  56.7  g  of  magnesium,  259.5  g  of  ethyl  bromide,  139  g  of  1-ediynyl-l-cyclo- 
hexanol,  and  106.5  g  of  acetoplienonc.  The  yield  of  rccrystallized  product  was  170  g  (78.5'7o)  with  m.  p.  124-124.5* 
(from  benzene).  We  also  obtained  40  g  (18.S7o)  of  less  pure  glycol  (VI). 

Found  *7):  C  78.66;  H  8.14,  CigHjoOj.  Calculated  C  78.66;  H  8.25. 
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Hydropenation  of  l-(r-hydroxycyclohexyl)-3-phcnyl-l-butyn-3-ol  (VI).  We  hydrogenated  130  g  of  glycol 
(VI)  in  550  ml  of  metlianol  over  skeletal  nickel  catalyst  at  room  temperature  and  initial  pressure  of  110  atm  until 
absorption  of  hydrogen  stopped.  After  distillation  of  the  solvent  on  tlte  water  bath  we  isolated  128  g  (96.8P/o)  of 
crystals  of  tlie  saturated  glycol  (VIII)  with  m.  p.  127-127.5*  (from  ligroin). 

Found ‘7o:  C  77.07;  H  9.74.  CJ6H24O,.  Calculated  %:  C  77.39;  H  9.74. 

Obtaining  2-mctliyl-2-phcnyl-5-spirocycloliexyltetrahydrofuran  (IV).  Into  a  suspension  of  85  g  of  glycol 
(Vin)  in  400  ml  of  dry  benzene  we  passed  a  stream  of  dry  hydrogen  chloride  at  room  temperature  for  45  minutes. 

The  reaction  mixttire  was  neutralized  with  a  saturated  soda  solution,  washed  with  water,  and  the  solvent  was  distilled 
off.  The  residue  was  distilled  in  a  vacuum.  The  yield  of  tetrahydrofuran  (IV)  was  60.4  g  (76.T/o). 

B.  p.  122-123*  (1.5  mm),  d”4  1.0096,  n”D  1.5255,  MRd  69.97;  calculated  69.73. 

Found'To:  0  83.81;  119.60.  CigH^O.  Calculated  *70:  C  83.44;  H  9.63. 

3)  Aromatlzation  of  2-mcthyl-2-phenyl-5-spirocyclohexyltetrahydrofuran  (IV).  2-Phenylnaphthalene  (II), 
The  arotnaiization  was  carried  out  under  the  same  conditions  as  for  die  tetrahydrofuran  (III)  over  a  MgO(Cr|Os)Al20j 
catalyst  with  different  amounts  of  Cr203  ( 3,  8,  13,  and  187o)  and  a  MgO  content  of  27o.  The  catalyzate  after  dis¬ 
tillation  of  tlie  solvent  was  distilled  in  a  vacuum.  The  crystalline  fraction,  recrystallized  from  alcohol,  was  2- 
phenylnaphtlialene  (ll)  with  m.  p.  94-97*.  The  phenylnaplitlialene  contained  a  small  amount  of  high  melting  ad¬ 
mixture  and  after  several  recrystallizations  from  alcohol  in  order  to  remove  the  latter  had  a  m.  p.  104-105*  [7]; 
did  not  form  a  picrate;  the  ultraviolet  absorption  spectrum  agreed  with  the  literature  data  [2].  At  550*  and  a 
rate  of  supply  of  the  tetrahydrofuran  of  0.55-0.72  kg/ liter  of  catalyst  per  hour  (in  tlie  form  of  a  20^0  benzene 
solution)  the  yield  of  hydrocarbon  (11)  was  28-31‘’/o  in  tlie  case  of  a  catalyst  which  contained  8  and  l37o  CrxOa. 

Under  the  same  conditions  but  with  a  Cr203  content  in  tlie  catalyst  of  3  or  18%,  the  yield  of  2-phenylnaphthalene 
fell  to  21-2(Tyo;  over  pure  aluminum  oxide,  the  aromatization  did  not  occur. 

Oxidation  of  2 -phenylnaplitlialene  (ll).  To  1  g  of  2-phenylnaphthalcnc  in  20  ml  of  98%  acetic  acid  we 
added  3  g  of  cliroinic  anhydride  in  10  ml  of  acetic  acid  and  tlie  mixture  was  heated  10  minutes  with  energetic 
stirring  on  a  boiling  water  bath.  Dilution  with  water  precipitated  yellow  crystals  of  2-phenyl- 1,4-naphthoquInone 
(IX).  The  yield  was  0.8  g  (69.7%),  m.  p.  109.5-110.5*  (from  alcohol)  [8]. 

Found  %:  C  81.86;  114.35.  C16U10O2.  Calculated  %:  C  82.05;  H  4.30. 

SUMMARY 

Catalytic  aromatization  of  2,2,5-trimethyl-5-(4’-methylphcnyl)-tetrahydtofuran  and  2-methyl-2-phcnyl- 
5-spirocyclohexyltctrahydrofuran  gave  4,4'-dimetfiyldiphenyl  and  2-phenylnaphtlialene. 
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Our  earlier  synthesis  [1,  2]  of  substituted  diphenyls  by  dehydrocycllzatlon  of  aryl  substituted  hydrocarbons, 
alcohols,  and  also  compounds  of  tlie  conespondlng  tetrahydrofurans  gave  us  reason  to  suppose  that  tlie  same  paths 
from  diaryl  substituted  compounds  in  which  die  aryl  substituents  were  separated  by  a  sufficiently  long  aliphatic 
chain  could  give  tcrplienyl  derivatives.  This  was  confirmed  by  the  synthesis  of  p-tcrphenyl  (I)  by  aromatic  con¬ 
version  of  dehydration  products  from  2,5-diphcnyl}icxan-2,5-dlol  (II)  carried  out  as  follows; 


Oils  CH,  CHa 

I  I  I 

CeIl6COCH3+  HC=C-C-CeHG  — ►  ColU-C-CsC-C-CeHfi 

(ill 


OH 


OH 


(HI) 

1 


CHa  CHa 

.Hs-tll-CHa-CHa-i- 


CHa  CHa 

CeH6-C=CH-CH=C-CoH6  CeHs-C-CHa-CHa-C-CoHs 

()H 
(V) 

1 


OH 


(H) 

1 


C6H5-<(^)>-Cen5 

(I) 


n 

Ao/n 


C««6^0/\C6H5 
CHi 


13  CHa 
<IV) 


2,5-DIphenyl-3-hexyn-2,5-dlol  (HI)  was  obtained  by  the  lotsich  reaction  from  acetophenone  and  methyl- 
phenylethynylcarbinol  in  the  form  of  two  Isomers  (Ilia)  with  m.  p.  162-163*  and  (lUb)  witli  m.  p.  122-123*.  Hydro¬ 
genation  .over  a  skeletal  nickel  catalysuof  glycol  (Ilia)  gave  a  saturated  diol  (Ila)  (m.p.  141-142*),  hydrogenation 
of  (Illb)  gave  (lib)  (m.  p.  156.5-157*). 


Dehydration  of  (Ila)  by  sulfuric  acid  formed  in  good  yield  a  mixture  of  two  Isomeric  2,5-dImethyl-2,5-di- 
phenyltctrahydrofurans  (IV),  crystalline  and  liquid.  The  same  liquid  tetrahydrofuran  (IV)  was  obtained  mixed  with 
2,5-diphenylhexa-2,4-dicne  (V)  by  dehydration  of  (Ha),  (Ub),  or  tlieir  mixture,  by  hydrogen  chloride  in  benzene 
or  of  (lib)  by  formic  acid. 

The  optimum  conditions  for  aromatization  of  the  tetrahydrofuran  (IV)  and  the  diene  (V)over  MgO/  CrxOa  /AljOa 
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(2  :  ]8  :  80)  catalyst  are  530*  and  a  rate  of  0.7  kg/ liter  of  catalyst  per  hour;  the  substance  was  added  to  the 
catalyst  tube  in  benzene  solution. 

Since  p-terp!)enyl  finds  use  as  a  scintillator  [3]  we  considered  it  of  interest  to  carry  out  its  synthesis  from 
glycol  (III)  without  separation  of  the  isomers  and  dehydration  products  (II).  The  total  yield  of  tlie  desired  pro¬ 
duct  did  not  cltange.  The  glycol  (111)  can  be  obtained  from  acetophenone  and  acetylene  according  to  Favorskli 
[4]  or  according  to  Kazaryan  [5]. 

EXPERIMENTAL 

Syntliesis  of  2,5-diphenylbutyn-2,5-diol  (III)  To  a  solution  of  ethylmagnesium  bromide  prepared  from 
33.7  g  of  magnesium  and  157.5  g  of  ethyl  bromide  in  600  ml  of  ether  was  added  in  the  course  of  1.5  hours  with 
water  coolitig  07.7  g  of  metliylptienyletltynylcarbinol  [6]  (m.  p.  49*)  in  150  ml  of  ether  and  the  mixture  was  , 
stirred  for  2.5-3  hours  at  room  temperature.  After  addition  of  63.3  g  of  acetophenone,  in  150  ml  of  ether  (1-2 
hours,  20-30")  and  2  hour  stirring,  the  reaction  mixture  was  allowed  to  stand  overnight.  The  cooled  mixture 
war.  decomposed  with  2-57o  sulftiric  acid.  The  ctlier  solution  with  the  precipitated  crystals  of  stereoisomer  (Ilia), 
difficultly  soluble  in  ether,  was  washed  widi  a  solution  of  sodium  bicarbonate,  water,  and  tlic  crystals  of  glycol 
were  separated  (46  g).  The  solvent  was  distilled  off  and  from  the  residue  we  obtained  84  g  of  the  glycol.  Total 
yield  of  (III)  was  92. 77o.  Three  washings  witli  ether  in  a  separatory  funnel  separated  the  difficultly  soluble  crystals 
of  isomer(llla),  34-36  g,  with  m.  p.  162-163*  [7J;  recrystallization  of  the  glycol  obtained  from  the  filtrate  from 
ligroin  gave  63-66  g  of  the  isomer  (Illb),  m.  p.  121.5-123*  [7,  8]. 

Hydrogenation  of  2,5-diphenylbiityn-2,5-diol  (III).  We  hydrogenated  59.5  g  of  Isomer  (Ilia)  In  550  ml  of 
metlianol  in  an  autoclave  on  skeletal  nickelcatalyst  at  room  temperature  and  initial  pressure  of  50-75  arm.  After 
absorption  of  hydrogen  stopped,  the  solvent  was  distilled  off  and  we  isolated  55.6  g  (92.2f7o)  of  the  diol  (lib), 
m.  p.  141-142*  [9,  7].  Under  the  same  conditions  we  obtained  from  (Illb)  the  isomer  of  the  saturated  glycol  (lib) 
with  m.  p.  156.5-157*  [7,  9]. 

Ilydroj’cnatien  of  'he  mixture  of  isomers  of  the  starting  subtance  (III)  gave  i  mixture  of  the  isomeric  glycols 
(II)  in  nearly  the  same  yield. 

Dehydration  of  2,5-diphenylbutan-2,5-dlol  (II). 

a)  With  207o  sulfuric  acid.  Twenty  g  of  tlic  saturated  glycol  (Ila)  in  200  ml  of  2Cf7o  sulfuric  acid  was  heated 
on  a  boiling  water  batli  for  two  Itours,  upon  which  a  layer  of  organic  liquid  separated.  The  substance  was  extracted 
with  ether,  the  ether  solution  was  washed  with  a  sodium  hicarbonate  solution,  then  wltli  water,  and  was  dried  over 
calcium  chloride.  Distillation  in  a  vacuum  (b.  p.  155-160*  at  3  mm)  gave  14.93  g  (8070)  of  tetrahydrofuran  (IV) 
wliich  partly  crystallized  on  standing.  After  freezing,  the  crystals  (5-7.5  g)  were  filtered  off  and  recrystalllzed 
from  ligroin,  m.  p.  74-74.5*  [9]. 

Found ‘7o:  C  85.89;  H  7.81.  CigHjoO.  Calculated  ^o;  C  85.68;  H.  7.99. 

Chugaev-Tscrevitinov  test  sltowed  the  absence  of  active  hydrogen. 

The  liquid  isomer  of  (IV)  had:  b.  p.  143-144*  (2  mm),  d*®^  1.0442,  n*®D  1.5574,  MRd  77.84;  calculated 

77.57. 

Found‘7o:  C  85.92;  H  7.80.  CjgHzoO.  Calculated  *70:  C  85.68;  H  7.99. 

b)  Witli  hydrogen  chloride  in  benzene.  A  stream  of  hydrogen  chloride  was  passed  Into  a  suspension  of  5  g  of  . 
glycol  (lla)  in  40  ml  of  dry  benzene  for  20  minutes  at  room  temperature;  the  crystals  dissolved  and  water  was  evolved) 
The  mixture  was  neutralized  with  soda,  washed  with  water,  and  after  distilling  off  the  benzene,  was  distilled  in  a 
vacuum  (b.  p.  160-175*  at  3  mm).  The  product  partly  crystallized  even  in  tlie  distillation  (especially  tlie  last  frac¬ 
tion).  Yield  3. 3-3. 7  g.  The  crystals  were  the  diene  (V),  m.  p.  136-137*  (from  ligroin)  [10). 

Found‘7o:  C.  91.99;  H  7.60.  Cjglljg.  Calculated C  92.27;  H  7.73. 

The  liquid,  as  shown  by  elementary  analysis  and  test  for  active  hydrogen,  was  the  tetrahydrofuran  (IV) 
contaminated  by  solution  of  (V)  in  it;  this  could  not  be  completely  separated  by  distillation  from  a  Claisen  flask. 

Under  analogous  conditions  the  isomer  (Ilb)  was  dehydrated  with  formation  of  the  same  products.  Thus, 


from  59.8  g  of  Uic  glycol  we  obtained  46.8  g  of  a  mixture  from  which  we  Isolated  about  12  g  (23.2f7o)  of  diene 
(V)  and  33  g  (59.1'7o)  of  tetraliydrofuran  (IV)  which  contained  an  admixture  of  (V),  (n*°D  1.5620). 

Dehydration  of  tlte  mixture  of  Isomers  (II)  took  place  with  a  total  yield  nearly  tlie  same. 

c)  V/itli  857o  formic  acid.  Five  g  of  the  glycol  (lib)  in  30  ml  of  BfT/o  formic  acid  for  one  hour  in  a  stream 
of  nitrogen  (bath  temperature  105-120*)  was  tlien  dissolved  in  water  and  extracted  wiili  ether.  After  distillation 
of  the  solvent  we  pressed  tlie  crystalline  diene  (V)  out  on  filter  paper.  Yield  2.6  g  (6Cf7o),  m.  p.  134-134.5*  (from 
llgroln). 

Aromatization.  p-Tcrphenyl  (I).  Arotnatization  was  carried  out  in  a  continuous  flow  apparatus  described 
earlier  [1].  Seven  g  of  starting  product  in  tlte  form  of  a  207o  benzene  solution  was  placed  in  tlie  catalytic  tube 
wltli  25  ml  of  catalyst  Mg0(Cr203)Al203  (2  :  18  :  80)  at  a  rate  of  0.71-0.74  kg/  liter  of  catalyst  per  hour  at  530*. 
The  benzene  was  distilled  on  a  water  bath  from  tlie  catalyzate,  which  consisted  of  crystals  and  a  liquid.  The  dry 
yellow-brown  residue  was  waslicd  wiili  boiling  alcohol  (10  ml  of  alcohol  per  3  g  of  substance),  cooled  and  filtered, 
and  washed  on  die  filter  with  a  small  amount  of  cold  alcohol.  Yield  of  (I)  44-497o,  m.  p.  208.5-209.5*  (from 
alcohol).  A  mixed  melting  point  witJi  known  p-terplienyl  melted  at  208.5-209.5*.  The  ultraviolet  absorption 
spectrum  agreed  fully  with  tlie  literature  data  [11]. 


SUMMARY 

Aromatization  of  diaryl  substituted  compounds  which  have  not  less  than  six  carbon  atoms  In  tlie  aliphatic 
side  chain,  and  of  Uie  tetrahydrofurans  which  correspond  to  them,  produces  polyphcnyl  compounds  (terphcnyl). 
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In  prevlotis  work  from  our  laboratory  we  have  shown  that  allyl  halides  obtained  by  tlic  action  of  hydrohalo¬ 
gen  adds  on  tertiary  vinylcarbinols  react  easily  with  sodium  acetoacetic  ester  to  form  allylacetoacetlc  esters 
wliich  then  by  ketone  decomposition  with  \b°lo  alkali  are  converted  to  y  ,6 -unsaturated  ketones  of  the  Isoprenoid 
type  [1-4]. 

In  the  present  work  we  have  studied  tlie  aclddecompositionof  the  above  mentioned  allylacetoacetlc  esters, 
and  also  of  allylmalonic  esters  In  order  to  syntltesize  different  higher  fatty  acids  and  alcohols,  botli  unsaturated  and 
fully  saturated.  The  study  of  these  transformations  was  carried  out  chiefly  on  the  basis  of  divinyl  ^Scheme  1). 

Analogs  of  linalool  (IX),  (I,  R  =  C1),  (I,  R  =  C2H5),  nerolldol  (XX),  and  geranyl  linalool  (XXVII)  were  obtained 
by  the  previously  described  mctliod  by  successive,  repeated  reactions  of  acctonylatlon,  condensation  of  tlte  ketones 
witlt  acetylene  under  pressure  in  the  presence  of  KOH,  and  selective  hydrogenation  of  the  thus  obtained  tertiary 
acetylenic  alcohols  to  the  corresponding  etliylene  alcohols  (5,  6]. 

Tertiary  ethylene  alcohols  under  tlie  action  of  hydrogen  bromide  are  easily  transformed  Into  the  correspond¬ 
ing  primary  bromides  of  the  allyl  type.  In  the  case  of  higher  alcohols  (XX)  and  (XXVII)  the  reaction  is  best  carried 
out  in  isooctane  solution. 

We  have  studied  the  synthesis  of  unsaturated  acids  by  two  metliods;  1)  with  acetoacetic  ester,  and  2)  with 
rnalonic  ester. 

In  the  action  of  sodium  rnalonic  ester  on  the  primary  bromide  (II)  we  have  obtained  the  dIesters  (III, 

R=CH3,  R’  —  CXijHs),  (XV),  (XXII),  and  (XXIX)  in  yields  of  52-64‘yo.  After  saponification  of  tliese  and  decarboxyla¬ 
tion  we  have  obtained  high  yields  of  the  acids.  By  this  metliod  we  have  obtained  the  acids:  2,6-diinctliyl-2,6- 
dccadicn-lO-oic  acid  (IV,  R  =  CH3),  6-metJiyl-2,6-decadien-10-oic  acid  (XII),  f),10-dlmethyl-2,6,10-tctradcca- 
trien-14-oic  acid  (XXIII),  and  6,10,14-trimethyl-2,6,10,14-octadccatetraen-18-olc  acid  (XXX).  Acid  (XXX)  was 
obtained  without  isolation  of  the  diester  (XXIX)  in  the  pure  form. 

Tlie  resultii^  acids  were  characterized  by  their  S-benzyl  pseudothiuronium  salts  (sec  Table). 

We  studied  tlie  condeitsation  of  primary  allyl  bromides  with  sodium  acetoacetic  ester.  As  the  condensing 
medium  we  used  sodium  alcoholatc  (as  usual)  and  a  solution  of  sodium  hydroxide  in  alcohol  (Scheme  2). 

Thus,  we  showed  tliat  replacement  of  metallic  sodium  by  alkali  did  not  change  the  yield  of  products  and 
considerably  simplified  tJic  whole  process  of  obtaining  acids  by  these  methods. 

The  possibility  of  condensation  of  allyl  halides  witlt  acetoacetic  ester  under  tlie  influence  of  alkali  was 
established  previously  by  I.  N.  Nazarov  and  B.  P.  Gusev  and  it  was  used  by  them  for  tlie  synthesis  of  methylheptenone 
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SCHEME  I 


Syntliesls  of  Higher  Fatty  Acids  and  Alcohols 


[7].  The  differently  substituted  allylacetoacetic  esters  obtained  as  a  result  of  ilie  condensation  without  Isolation 
in  the  pure  form  were  submitted  to  acid  decomposition  with  an  Q3lo  aqueous  solution  of  potassium  hydroxide. 
When  more  dilute  alkali  solutions  were  used,  a  considerable  amount  of  ketones  was  obtained. 

Using  acetoacctic  ester  we  obtained  tlie  acids:  2,6-dimcthyl-2,6-decadicn-10-oic  acid  (1V,R  =  CH3), 
3,7-dimctIiyl-3,7-undecadicn-ll-oic  acid,  (IV,  R  =  CjH5),  2-chloro-6-metliyl-2,6-dccadien-10-oic  acid  (IV, 
R“C1),  and  6-metliyl-2,6-decadien-10-oic  acid  (XII),  as  shown  in  tlie  Table. 
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SCHEME  2 

Synthesis’ of  Geranylacctlc  Acid  and  its  Analogs 


(no  IV) 

H=CHj  ,CjH5  R’ -  OCjM,  ,  CH, 


The  unsaturated  acids  which  we  obtained  were  converted  easily  and  witli  high  yield  by  the  action  of  lithium 
aluminum  hydride  In  ether  solution  at  room  temperature  into  the  corresponding  primary  alcoliols:  2,6-dimethyl- 
2,6-decadicn-lO-ol  (V,  R=CH3),  6-methyl-2,6-decadicn-10-ol  (XIII),  6,10-dimcthyl-2,6,10-ietradccatricn-14- 
ol  (XXIV).  The  latter  was  hydrogenated  by  hydrogen  in  the  presence  of  a  Ni  catalyst  and  could  easily  be  converted 
into  a  higher  saturated  alcohol.  In  tliis  way  we  obtained  6-methyl-lO-decanol  (XIV)  (Scheme  1), 

As  an  example  of  preparing  a  saturated  fatty  acid  we  obtained  6-metliyl-lO-decanoIc  acid  (XVII)  by  hydro¬ 
genation  of  the  unsaturated  dicster  (XV)  in  tlie  presence  of  a  Ni  catalyst  to  a  saturated  dicster  (XVI)  with  further 
saponification  and  decarboxylation  of  the  latter. 

Thus,  tlie  availability  of  the  startii^  products  and  the  simplicity  of  operation  at  all  stages  make  the  synthesis 
of  higlicr  fatty  acids  and  alcoliols  by  this  method  entirely  suitable  for  practical  use.  The  resulting  unsaturated 
acids  and  alcohols  are  of  interest  for  die  synthesis  of  various  terpenes  and  biologically  active  compounds. 

EXPERIMENTAL 

Crotyl  bromide  (VI).  Two  hundred  g  of  divinyl  was  saturated  with  325  g  of  hydrogen  bromide  In  a  medium 
of  90  ml  of  glacial  acetic  acid  cooled  to -20  to -40*.  Then  the  mixture  was  kept  at  0*  for  three  days.  The  bro¬ 
mide  was  carefully  waslied  widi  water,  dried  over  calcium  chloride,  and  distilled.  We  obtained  400  g  (807o)  of 
crotyl  bromide. 

B.  p.  102-108*,  n*®D  1.4770;  according  to  the  literature  data  [8],  b.  p.  103-106*,  n*®D  1.4822. 

2-Hepten-6-one  (VII).  To  sodium  acetoacetic  ester  prepared  from  89  g  of  metallic  sodium,  1000  ml  of 
methyl  alcohol,  and  635  g  of  acetoacetic  ester  over  a  period  of  1.5  hours,  with  stirring  and  cooling,  was  added 
475  g  of  crotyl  bromide  (VI).  The  mixture  wits  stirred  for  five  hours  at  room  temperature,  after  which  the 
meilianol  was  distilled  off  in  a  weak  vacuum  and  the  residue  was  heated  with  a  solution  of  290  g  of  sodium  hy¬ 
droxide  in  2200  ml  of  water  for  six  hours  at  70".  Concentrated  hydrochloric  acid  was  added  to  the  reaction  mixture, 
with  cooling,  to  an  acid  reaction  to  Congo  paper.  The  product  was  extracted  witli  ether,  washed  with  water,  and 
dried  over  magnesium  sulfate. 

After  distillation  in  a  vacuum  we  obtained  276  g  (707o)  of  2-hepien-6-one  [1]  (VII). 

B.  p.  56-60*  (25  mm),  n*®^  1.4300,  d*®4  0.8442,  MRp  34.26;  calculated  34.07. 

In  an  analogous  way  we  obtained  from  (X)  6-methyi-2,6-undecadien-10-one  [4]  (XVIIl)  with  b.  p.  116-118* 
(12  mm),  n^®D  1.4619. 

6,10-Dimethyl-2,6,10-pcntadecatrien-14-one  (XXV)  was  obtained  by  heating  the  alcohol  (XX)  with  aceto- 
acetic  ester  [6].  B.  p.  106-108*  (0.07  mm),  n^®D  1.4770. 

6-Metltyl-2-octen-7-yn-6-ol  (VIII).  A  six  liter  steel  reactor  was  filled  witlt  3.5  liters  of  dry  ether  and 
550  g  of  potassium  hydroxide.  Tlie  mixture  was  saturated  witli  acetylene  witli  stirring  at  -4*  and  4.5  atm,  a 
pressure  which  was  maintained  during  tlie  whole  experiment.  In  the  course  of  two  hours  500  g  of  crotylacetone 
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(VII)  was  added  to  the  reactor,  after  which  stirring 
was  continued  for  two  hours  more.  Cooling  was 
stopped,  the  temperature  was  raised  to  room  tem¬ 
perature,  tlic  pressure  was  released,  and  one  liter 
of  water  was  added  to  the  mixture  with  stirring. 

The  ether  layer  was  separated  and  the  water 
was  extracted  with  ether.  All  the  etlier  extracts 
were  combined,  neutralized  with  carbon  dioxide 
gas,  and  dried  over  ignited  magnesium  sulfate. 
After  distillation  in  a  vacuum  we  obtained  495  g 
(80.37o)  of  G-met]iyl-2-octen-7-yn-6-ol  (VIII) 

[5].  B.  p.  74-78’  (1.7  mm),  n*®D  1.4570. 

In  an  analogous  way  we  obtained  6,10-di- 
mcthyl-2,f>-dodecadien-ll -yn-lO-ol  [6]  (XIX) 
with  b.  p.  72-74*  (0.05  mm),  n*®D  1.4760,  and 
6,10,1 4-trimcthyl-2,6,10-hexadecatrien-15-yn- 
14-ol  f6]  (XXVI)  with  b.  p.  109-110*  (0.02  mm), 
n^D  1.4863. 

6-Mcthyl-2,7-octadIen-6-ol  (IX).  We 
hydrogenated  138  g  of  6-metltyl-2-octen-7-yn- 
6-ol  (VIU)  in  the  presence  of  0.5  g  Pd/ CaC03 
In  a  glass  vessel  at  room  temperature.  After 
absorbing  25.5  liters  of  hydrogen,  hydrogenation 
was  interrupted  (tlie  acetylene  test  was  negative). 
The  product  was  distilled  in  a  vacuum.  We  ob¬ 
tained  133  g  (OS’/o)  of  6-methyI-2,7-octadien-6- 
oltS]  (IX).  B.  p.  75-78*  mm),  n^D  1.45.33. 

In  an  analogous  way  we  obtained  6,10-dI- 
methyl-2,6,10-dodccatticn-10-ol  [6]  (XX)  with 
b.  p.  74-76*  (0.1  mm),  n”D  1.4744,  and  6,10,14- 
irlmethyl-2,6,10,15-hcxadecatetraen-14-ol  [6] 
(XXVII)  with  b.  p.  113-116*  (0.005  mm),  n*“D 
1.4819. 

8-Bromo-2,6-ditnethyl-2,6-octadiene  (II, 

R  =  CH3).  Fifty  g  of  natural  linalool  (I)  was 
saturated  with  dry  hydrogen  bromide  to  a  weight 
of  27  g  while  cooling  with  a  mixture  of  ice  and 
salt.  After  standing  ten  hours,  the  bromide  was 
separated  from  the  water,  washed  with  9lo 
sodium  bicarbonate  solution,  then  with  water, 
and  dried  over  anliydrous  sodium  sulfate.  Wiilt- 
out  preliminary  distillation  the  bromide  was 
used  for  furtlier  reactions. 

In  an  analogous  way  we  prepared  the  bro¬ 
mides:  (II,R  =  C2ll5;  II,  R=  Cl),  (X),  (XXI), 
(XXVIU).  Bromides  (XXI)  and  (XXVIII)  were 
obtained  in  an  isouctanc  medium. 

Synthesis  of  Acids  by  the  Use  of 
Malonic  Ester . 

Diethyl  ester  of  2,6-dimethyl-2,6-nonadien- 
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n,n-ilicarboxylic  acid  (III,  R  =  CH3,  R’  =002115).  To  sodimn  maloiiic  ester  obtained  from  7.7  g  of  metallic 
sodinm,  bO  g  of  malonic  ester,  and  90  ml  of  anhydrous  methanol,  cooled  witJi  an  ice-salt  tnixtiuc,  we  gradually 
added  70  g  of  8-bromo-2,r)-dimcthyl-2,6-octadlenc  (II,  R  =  CH3)  and  the  tnixturc  was  stirred  while  boiling  for 
ten  hours.  McUianol  was  removed  in  a  weak  vactium  and  tlie  residue  was  treated  witit  water  to  dissolve  the  sodium 
bromide.  The  upper  oily  layer  was  extracted  twice  with  ether,  washed  with  water,  and  dried  over  anJiydrous  sodium 
sttlfate.  After  removal  of  the  ether  and  distillation  of  the  product  in  a  vacuum  we  obtained  48.5  g  (557o)  of  the 
diethyl  ester  of  2,6-dimetliyI-2,G-nonadien-9,9-dicarboxylIc  acid. 

B.  p.  140-142*  (0.5  mm),  n*°D  1.4612.  According  to  the  literature  data  [9]:  b.  p.  191*  (21  mm),  ii*®D 
1.4614. 

In  an  analogous  way  we  obtained  the  diethyl  ester  of  6-methyl-2,6-notiadicn-9,9-dicarboxyllc  acid  (XV) 
with  a  yield  of  -* 

B.  p.  138-185*  (8  mm),  n*®D  1.4601,  d”^  0.9942,  MRd  77.93;  calculated  78.36. 

Found ‘7-’:  C  67.82,68.02;  H  8.84,  9.00.  Ci6n2604.  Calculated  <7o:  C  68.10;  H  9.21. 

We  also  obtained  the  dictliyl  ester  of  6,10-dimcthyl-2,6,10-tridecatrlcn-13,13-dicarboxyllc  acid  (XXII) 
with  a  yield  of  527o. 

B.  p.  148-150*  (0.5  mm),  n*®D  1.4742,  d”4  0.9761,  MRd  100.92;  calculated  101.08. 

Found '7’:  €  72.11,71.95;  11  9.54,  9.48.  C21II34O4.  Calculated '7o:  C  71.96;  H  9.70. 

2,6-Dimeiliyl-2,6-decadien-10-oic  acid  (IV,  R=CH3)  (geranylacetic  acid).  To  a  solution  of  30  g  of  potas¬ 
sium  hydroxide  in  80  ml  of  water  heated  on  a  lx)iling  water  batli  we  added dropwise  48.5  g  of  the  diethyl  ester  of 
2,r»-dimcthyl-2,6-notiadicn-9,9-dicarboxylic  acid  (III,  R  =  CH3,  R'  =  CX32*^5)*  The  mixture  was  stirred  on  the  boil¬ 
ing  water  bath  for  two  hours.  After  it  had  cooled,  we  added  coticenirated  hydrochloric  acid  to  an  acid  reaction  to 
Congo.  The  tipper,  dark,  oily  layer  was  separated,  and  the  lower  layer  was  extracted  witit  ether.  The  combined 
ether  soltitions  were  waslicd  with  water  and  dried  over  anliydrous  soditim  sulfate.  Theetlier  was  distilled  off  and 
die  residue  was  licatcd  at  175*  to  full  cessation  of  evolution  of  carbon  dioxide.  The  reaction  product  was  distilled 
in  a  vacuum.  We  obtained  25  g  of  acid  (J^o  calctilated  on  the  diestcr  and  397"  on  the  linalool)  (IV,  R=CIIj) 

(see  Table). 

In  an  analogous  way  we  obtained  die  acids  (XII),  (XXIII),  and  (XXX)  as  shown  in  the  Table. 

Synthesis  of  Acids  by  the  Use  of  Acetoacetic  Ester. 

Geranylacetic  acid  (IV,  R=CH3).  To  sodium  methylate  obtained  from  7.7  g  of  metallic  sodium  and  90  ml 
of  anhydrous  methanol,  at  room  temperature  with  stirring,  we  added  55  g  of  acetoacetic  ester.  The  mixture  was 
stirred  for  two  hotirs  at  room  temperature  and  for  30  minutes  at  60*,  and  then  we  added  to  it,  with  cooling  by  an 
icc-salt  mixttire,  70  g  of  8-bromo-2,6-dimcthyl-2,6-octadicne  (II),  after  which  die  reaction  mixture  was  stirred 
for  tlircc  hours  at  room  temperature.  The  methanol  was  distilled  off  iti  a  weak  vacuum.  Tlie  upper  layer  was  ex- 
nacted  with  ether,  the  ether  was  distilled  off,  and  the  thus  obtained  geranylacetoacctic  ester  (R  =  R'=CIl3)  with¬ 
out  preliminary  distillation  was  added  to  a  solution  of  60  g  of  potassittm  hydroxide  in  9  ml  of  water  heated  to 
110*.  The  mixture  was  stirred  for  two  hours  at  100-105*.  After  it  had  cooled,  the  mixture  was  treated  with  60  ml 
of  water  and  concentrated  hydrochloric  acid  to  an  acid  reaction  to  Congo.  The  oily  layer  was  carefully  extracted 
witli  ether,  the  ether  extract  was  washed  with  water  and  dried  over  atihydrous  magnesium  sulfate.  After  distilla¬ 
tion  of  the  product  in  a  vacuttm  we  obtained  26.6  g  (427")  of  geranylacetic  acid  (IV,  R  =  CH3)  with  b.  p.  124-127* 
(3  mm),  n*°D  1.4730.  We  prepared  the  S-benzyl  pseudothiuronium  salt  (see  Table). 

In  an  analogous  way  we  prepared  (IV,  R=:C2H5)  acid  as  shown  in  the  Table. 

6-Methyl-2,6-dccadien-10-oic  acid  (XII).  In  a  three  neck  flask  fitted  with  a  rncrltanical  stirrer,  reflux 
condenser,  and  dropping  ftinncl  we  mixed  61  g  of  8-bromo-6-mcthyl-2,6-octadictic  (X),  obtained  as  described 
above  from  42  g  of  (IX),  witli  40  g  of  acetoacetic  ester.  Tlicn  we  added  by  drops  a  solution  of  12  g  of  sodium 
hydroxide  in  85  ml  of  methyl  alcohol  at  such  a  rate  tliat  the  temperature  in  die  flask  did  not  rise  above  18-20*. 
The  mixture  was  stirred  for  five  hours  at  60-65*.  The  methyl  alcohol  was  distilled  off  under  weak  vacuum  and 
die  residue  was  treated  with  water  to  dissolve  the  precipitated  sodium  bromide.  The  up|x:r  layer  was  separated. 
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carefully  extracted  with  ether,  and  washed  with  water.  After  removal  of  ilie  ether,  the  residue  (XI)  without 
preliminary  distillation  was  added  to  an  energetically  stirred  solution  of  55  g  of  potassium  hydroxide  in  8  ml  of 
water  heated  to  115*.  The  tliickened  reaction  mass  was  stirred  two  hours  more  at  95-105*,  after  which  we  added 
to  It  60  ml  of  water  and  concentrated  hydrochloric  acid  to  an  acid  reaction  to  Congo.  The  dark,  oily  layer  which 
separated  was  carefully  extracted  with  ether.  The  ether  extract  was  washed  with  water  and  dried  over  ignited 
sodiutn  sulfate.  After  distillation  of  the  product  in  a  vacuum,  we  obtained  18.4  g  [3S7o  based  on  (IX)]  of  6- methyl- 
2, 6-decadien-lO-oic  acid  (XII),  wltose  constants  fully  agreed  with  the  constants  of  acid  (Xil)  obtained  through  the 
sodium  ma Ionic  ester. 

In  an  analogous  way  we  prepared  the  acid  (IV,  R  =  CI)  witli  a  yield  of  ST.OVo  (see  Table). 

Synthesis  of  Primary  Alcohols 

2,6-Dimcthyl-2,G-dccadien-10-ol  (V).  To  65  ml  of  ether  solution  of  lithium  aluminum  hydride  (with  a 
content  of  0.0635  ^ ml  lithiutn  aluminum  hydride  in  tlie  solution)  at  room  temperature  and  with  stirring  we  added, 
in  tlic  course  of  1.5  hours  10  g  of  geranylacetic  acid  in  100  ml  of  absolute  etlier.  The  reaction  mixture  was  stirred 
for  five  hours  at  room  temperature.  The  excess  lithium  aluminum  hydride  was  decomposed  by  addition  of  20  ml 
of  water  and  the  precipitate  of  aluminum  hydroxide  was  dissolved  by  addition  of  100  ml  of  lOVo  sulfuric  acid.  The 
ether  layer  was  separated,  washed  wiili  water,  with  a  dilute  solution  of  sodium  bicarbonate,  and  was  dried  with  an¬ 
hydrous  magnesium  sulfate.  After  distillation  of  the  product  in  a  vacuum  we  obtained  7.8  g  (80fyo). 

B.  p.  72-74*  (0.05  mm),  n***D  1.4740,  d*°4  0.8756,  MRp)  58.52;  calculated  58.20. 

Found'yo;  C  79.25,  79.39;  1112.11,12.12;  011  9.07,  9.07.  CjjHjiO.  Calculated  C  79.08;  II  12.16;OH  9.34 

In  an  analogous  way  we  prepared  alcohol  (XIII)  with  a  yield  of  9Cf7o. 

D.  p.  64-66*  (0.035  mm),  n*°D  1.4711,  d”^  0.8720,  MR^  53.90;  calculated  53.59. 

Found  C  78.59,  78.37;  H  11.88,  11.97.  ChHjoO.  Calculated  C  78.51;  H  11.98. 

In  an  analogous  way  we  prepared  alcohol  (XXIV)  with  a  yield  of  90T^o. 

B.  p.  123-125*  (0.4  mm),  n*°D  1.4845,  d*°4  0.8849,  MR^  76.47;  calculated  76.21. 

Found  <7o:  C  81.25,  81.32;  H  11.95,  11.84;  OH  6.98,  7.05.  CieHjgO.  Calculated  *70;  C  81.28;  H  11.91; 

OH  7.20. 

6-Metliyl-lO-decanol  (XIV).  We  hydrogenated  14  g  of  6-metliyl-2,6-decadien-10-ol  (XIII)  in  a  glass  vessel 
at  room  temperature  in  the  presence  of  a  selective  nickel  catalyst  in  35  ml  of  anliydrous  alcohol.  Hydrogenation 
was  stopped  after  absorption  of  the  theoretical  amount  of  hydrogen.  After  distillation  of  die  product  In  a  vacuum, 
we  obtained  13.5  g  (9470)  of  6-methyl- 10-decanol. 

B.  p.  114-115*  (4  mm),  n”D  1.4416,  d*°4  0.8349,  MRj,  54.54;  calculated  54.52. 

Founder  OH  9.09,  9.19.  CnHj^O.  Calculated  "70;  OH  9.88. 

Diethyl  ester  of  6-methylnonan-9,9-dicarboxylic  acid  (XVI).  We  hydrogenated  7.6  g  of  the  diethyl  ester 
of  6-methyl-2,6-nonadien-9,9-dicarboxylic  acid  (XV)  in  the  presence  of  skeletal  nickel  in  a  glass  vessel  in  15  ml 
of  absolute  etlter  at  room  temperature.  Hydrogenation  was  stopped  after  absorption  of  the  theoretical  amount  of 
hydrogen.  After  distillation  of  tlie  product  in  a  vacuum  we  obtained  7.2  g  (947o)  of  tlie  diethyl  ester  of  6-methyl- 
nonan-9,9-dicarboxylic  acid. 

B.  p.  132-133*  (3  mm),  n**’D  1.4481,  d*®^  0.9690,  MRjj  79.20;  calculated  79.39. 

6-Methyl-lO-decanoic  acid  (XVII).  We  saponified  7  g  of  the  diethyl  ester  of  6-metliylnonan-9,9-dicarboxylic 
acid  (XVI)  as  described  above  for  tlie  diethyl  ester  of  2,6-dimethyl-2,6-nonadien-9,9-dicarboxylic  acid  (III,  R  =  CHs, 
R's^OCjHs).  We  obtained  4.5  g  of  6-methyl-lO-decanoic  acid. 

B.  p.  128-129*  (3  mm).  n”D  1.4548,  d*®4  0.9209,  MRp  54.82;  calculated  54.53. 

The  S-benzyl  pseudothiuronium  salt  had  m.  p.  116-117*. 

Found  N  8.35,  8.18.  C19H34O2N2S.  Calculated ‘7o:  N  7.92. 
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SU  MMARY 


We  have  worked  out  die  synthesis  of  higher  unsaturatcd  and  saturated  fatty  acids  and  alcoliols,  based  on  the 
available  tertiary  vinyl  carblnols. 
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ACETYLENE  DERIVATIVES 

195.  CONVERSIONS  OF  CYCLOPENTE NONES.  Ill,  DIMERIZATION  OF 
2,4-DIMETHYL-A*  AND  A^-CYCLOPENTEN-l-ONES  AND  REACTIONS 
OF  THE  TRICYCLIC  DIKETONES  THUS  FORMED 

I.  N.  Nazarov  and  A.  N.  Elizarova 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 
Translated  from  Zhurnal  Obshchei  Khimil,  Vol.  30,  No.  2,  pp.  450-4C2, 
February,  1960 

Original  article  submitted  February  12,  1959 


In  the  previous  communication  [1]  we  described  the  catalytic  reversible  isomerization  (under  the  influence 
of  acid  and  alkali)  of  2,4-dimciliyl-A*-cyclopenten-l-one  into  2,4-dimethyl-A^-cyclopcnten-l-one,  for  which 
we  suggested  an  enol  mechanism. 

The  enol  form  of  the  dime  thy  Icyclopentenones  is  a  cyclopentadiene  system  which,  as  is  known.  Is  characterized 
by  an  especially  great  tendency  to  diene  condensation. 

As  was  already  mentioned  earlier  [1]  In  the  catalytic  isomerization  of  cyclopentenones  there  are  always 
formed  dimers  of  these  ketones,  an  explanation  of  the  structure  of  which  is  described  in  the  present  communication. 

A  detailed  study  of  this  dimerization  reaction  showed  that  it  is  an  unusual  catalytic  diene  condensation  of  dimethyl- 
cyclopente nones  (I)  and  (II)  v/iih  themselves  or  witli  each  otlicr.  The  dimerization  of  cyclopentenones  occurs  as 
a  catalytic  process,  under  the  influence  of  hydrogen  chloride,  potash,  or  alkali,  because  of  the  ability  of  these 
ketones  to  enolize.  Tlic  molecules  of  dimetliylcyclopentenone  react  both  as  dienes  (enol  form)  and  as  dienophiles 
(keto  form).  The  diene  properties  are  most  clearly  expressed  in  dimetliylcyclopentenone  (II),  and  tlie  most  active 
dienophile  isdimcthylcyclopentenonc(i),  as  was  shown  earlier  in  the  work  of  our  laboratory  [2]. 
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Therefore,  in  the  condensation  of  an  equimolar  mixture  of  dimethylcyclopentenones  (I)  and  (II),  and  also  in 
the  process  of  their  reversible  isomerization,  tlic  chief  product  of  the  dimerization  is  always  tlie  diketone  (111) 

(m.  p.  94-95*)  which  is  formed  from  the  enol  form  of  dimetliylcyclopentenone  (Ila)  and  the  keto  form  of  dimethyl 
eye  lope  me  none  (I)  by  the  following  scheme; 
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DIketone  (III)  Is  most  easily  obtained  by  the  action  of  powdered  potassium  hydroxide  on  an  .iiimolecular 
mixture  of  dimcihylcyclopentcnones  (1)  and  (II)  in  solution  In  dry  ether  at  room  temperature. 

The  saturated  character  of  diketone  (III)  is  confirmed  by  the  fact  that  it  is  not  hydrogenated  under  ordinary 
conditions  of  catalytic  hydrogenation,  does  not  decolorize  a  bromine  solution  in  chloroform  or  of  permanganate 
in  acetone  in  the  cold  or  at  room  temperature.  Heating  the  diketone  (111)  at  260-280*  results  in  its  decomposition 
into  tlie  original  dimethylcyclopcntenones.  In  tlie  presence  of  catalysts  (acid  or  alkali)  this  decomposition  of  the 
diketone  (III)  occurs  at  lower  temperatures  (100-160*). 

Thus,  it  Is  positively  established  that  diketone  (III)  is  actually  the  product  of  condensation  of  the  two  dlf-' 
fereni  dimethylcyclopentenones  (1)  and  (11).  Its  formation  from  the  individual  dimethylcyclopcntenones  (I)  and 
(II)  under  the  action  on  tliem  of  hydrogen  chloride,  potash,  or  alkali  [1]  is  tlius  related  to  their  preliminary  iso¬ 
merization.  <» 


The  arrangement  of  carbonyl  groups  in  the  diketone  (III)  is  based  on  the  well  known  model  of  condensation 
of  2-methoxybutadfene  with  a,  B -unsaturated  aldehydes  and  ketones,  in  which  there  are  chiefly  formed  para- 
substituted  products  [3]. 


The  carbonyl  groups  in  diketone  (III)  have  different  reactivities.  Under  the  action  of  methyl  magnesium 
iodide,  tlie  diketone  (III)  gives  almost  quantitatively  the  keto alcohol  (IV)  or  hydrogenates  with  a  Pt  catalyst  in 
the  presence  of  sodium  ethylate  to  form  the  keto  alcohol  (V),  and  on  Clemmensen  reduction,  gives  the  monoketone 
(VI). 


In  all  tlie  conversions  described,  only  one  carbonyl  group  of  diketone  (IE)  takes  part,  the  one  nearest  the 
birycloheptane  ring.  The  keto  group  in  the  five  membered  ring,  perhaps  because  of  cnolizatlon  [4],  does  not 
give  the  Grigiiard  reaction  and  is  not  reduced  with  a  Pt  catalyst  In  tlie  presence  of  sodium  ethylate.  This  is  con¬ 
firmed  by  the  fact  that  in  tlie  action  of  methyl  magnesium  iodide  on  ketone  (VI)  a  quantitative  yield  of  methane 
results,  and  after  decomposition  of  the  magnesium  complex,  ketone  (VI)  is  completely  regenerated.  Only  one 
carbonyl  group  in  the  diketone  (III)  reacts  also  with  semicarbazide  and  2,4-dinitrophcnylhydrazinc,  with  formation 
of  the  corresponding  mono-derivatives  (monosemlcarbazone  and  monodlnitiophenylhydrazone). 

However,  there  are  reactions  in  which  botli  carbonyl  groups  of  diketone  (III)  take  part.  Thus,  for  example, 
in  the  hydrogenation  of  the  diketone  in  an  autoclave  at  100-120*  in  the  presence  of  a  Nl  catalyst,  glycol  (VII) 
is  smoothly  formed.  Under  the  action  of  hydrazine  hydrate  on  the  diketone  at  130-150*  the  dihydrazonc  (VIII) 
is  formed;  its  decomposition  with  potassium  hydroxide  gives  the  hydrocarbon  (IX). 


For  a  more  detailed  study  of  the  properties  of  the  ketone  with  formula  (VI)  we  ran  experiments  to  synthesize 
the  lowest  homolog  of  this  series  by  diene  condensation  of  eye  lope  ntadiene  with  2,4-dimetliyl-A*-cyclopcnten-l- 
one.  However,  we  could  not  carry  out  this  synthesis  under  tJie  usual  conditions  of  the  diene  condensation  by  heat¬ 
ing  an  equimolecular  mixture  of  reagents  in  a  sealed  ampule  at  180-200*.  Here  the  main  mass  of  ilic  starting  sub¬ 
stances  was  recovered  and  the  product  of  self-condensation  of  cyclopcntadiene  was  formed  witli  a  yield  of  about 
2ff7o.  In  the  presence  of  potassium  hydroxide  the  catalytic  diene  condensation  of  cyclopcntadiene  with  2,4-dimethyl- 
-A*-cyclopenten-l-one  occurred  with  formation  in  about  2CP7o  yield  of  the  diene  monoketoncs  (XIa)  or  (Xlb), 
evidently  formed  because  of  splitting  of  the  endomethylene  bridge  in  the  original  monoketonc  (X). 
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This  result  agrees  fully  with  the  previously  observed  splittii^  or  complete  lupture  of  tlie  bridge  group  In 
unsaturated  bicyclolieptene  compounds  [5], 


The  monoltctonc  (XIa  or  Xlb)  is  a  mobile,  clear  yellow  liquid  with  a  characteristic  odor,  which  polymerizes 
on  standing.  It  rcacu  energetically  witlt  maleic  anhydride  and  acrolein,  which  confirms  the  presence  in  it  of  a 
system  of  conjugated  double  bonds.  When  the  ketone  (XI)  is  hydrogenated  in  alcoliol  solution  in  the  presence  of  a 
Pi  catalyst  it  readily  absorbs  two  molecules  of  hydrogen  and  is  converted  to  a  colorless,  pleasant  smelling  saturated 
ketone  (Xlla)  or  (Xllb).  Botli  ketones  (XI)  and  (XII)  easily  give  the  corresponding  2,4-dinitrophenylhydrazones. 


(Xiia) 


CII3  CII3 
(xnb) 


The  saturated  ketone  (XII),  like  ketone  (VI),  is  not  reduced  in  the  presence  of  sodium  ethylate  with  a  Pt 
catalyst  and  does  not  react  with  metliyl  magnesium  iodide.  In  the  latter  case,  ketone  (XII)  forms  a  magnesium 
salt  of  the  cnol  with  simultaneous  evoltition  of  almost  tlie  theoretical  amount  of  meiliane,  and  after  hydrolysis 
Is  reversibly  converted  to  the  original  ketone  (XII). 

In  tlie  catalytic  diene  condensation  (under  the  influence  of  potassium  hydroxide  in  ether)  of  cyclopen  tad  iene 
with  2,4-dimctliyl-A^-cyclopenien-l -one  (II)  an  unsaturated  ketone  is  also  formed,  but  in  considerably  lower  yield 
(3-5i^).  Its  structure  is  probably  tliat  of  formula  (XlVa)  or  (XlVb),  since  In  hydrogenation,  like  ketone  (XI),  it  ab- 
sorlis  two  molecules  of  hydrogen,  which  sliows  the  absence  In  it  of  an  endometliylene  bridge. 


However,  due  to  the  small  amount  of  ketone  (XIV)  and  the  corresponding  saturated  ketone,  we  isolated  in 
pure  form  only  its  2,4-dinIuophenylhydrazonc. 

Under  the  action  of  powdered  potassium  hydroxide  on  the  ether  solution  of  2,4-dimetliyl-A*-cyclopenten-l- 
one  (I)  we  obtained  a  new  crystalline  diketone  (XV),  m.  p.  83-84*,  formed  by  the  diene  condensation  of  the  di- 
methylcyclopcntenone  (I)  itself,  with  simultaneous  reaction  of  the  diene  (la)  and  the  dienophile  (I). 


Besides  the  dimeric  diketone  (XV)  we  also  obtained  in  this  reaction  a  considerable  amount  of  a  trimeric 
diketo  alcohol,  the  product  of  a  furtlier  diene  synthesis. 

The  diketone  (XV)  was  split  quite  smootlily  when  heated  (150-200*)  with  powdered  potassium  hydroxide 
Into  die  original  dimethylcyclopentenone  (I)  which  confirms  the  structure  assigned  to  it.  The  diketone  (XV), 
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like  ilic  dikcionc  (III),  easily  gives  only  a  monosemicarbazone  and  a  inono-2,4-dinitrophenylhydrazonc.  The 
dlkeionc  (XV)  is  much  less  stable  and  enters  into  chemical  reactions  In  a  more  complex  fashion  than  die  dlketone 
(III).  Thus,  at  280-300*'  instead  of  the  expected  splitting  into  die  starting  dimcdiylcyclopentcnone  (I)  it  is  iso- 
merlzed  with  splitting  of  the  endoethylidene  bridge  into  an  unsaturated  liquid  diketone.  The  diketone  (XV)  under¬ 
goes  the  same  isomerization  under  the  influence  of  concentrated  hydrochloric  acid  at  100-130*.  The  study  of 
the  product  thus  formed  will  be  the  subject  of  a  later  communication. 

In  hydrogenation  of  the  diketone  (XV)  in  the  presence  of  a  Ni  catalyst  by  hydrogen  under  pressure  we  ob¬ 
tained  a  good  yield  of  glycol  (XIV)  with  retention  of  the  endoethylidene  bridge. 


(XVI) 


A  still  more  complex  picture  is  found  in  the  dimerization  of  2,4-dimcthyl-A^-cyclopenten-l-one  (II)  under 
tlie  inriucnce  of  powdered  potassium  hydroxide  in  an  absolute  ether  solution.  As  already  mentioned,  the  dimethyl- 
cyclopcntenonc  (II)  because  of  its  easy  enolization  reacts  readily  as  the  diene,  and  reacts  witli  difficulty  as  the 
dienophile.  However,  under  the  influence  of  alkali  tlie  dime  thy  Icy  elope  nte  none  (11)  shows  the  ability  to  isomerize 
partially  into  tlie  diketone  (XVII)  (m.  p.  108-109*),  but  in  this  case  there  is  also  formed  a  complex  mixture  of 
products  from  which  it  was  possible  to  isolate  the  above  described  diketone  (lU)  (m.  p.  94-95*),  and  an  unknown 
dimer  separated  in  pure  form  only  as  the  bis-diniuophenylhydrazonc  (rn.  p.  260-262*). 


The  formation  of  diketonc  (III)  shows  that  under  die  conditions  of  alkali  dimerization,  2,4-dimethyl-A*- 
cyclopcntcn-l-one  (II)  is  partly  isomcrized  into  dimethylcyclopentenone  (I). 


The  diketonc  (XVII),  like  diketones  (III)  and  (XV),  gives  derivatives  of  only  one  keto  group.  Such  behavior 
of  diese  ketones  tindoubtedly  depends  on  their  spacial  structure.  As  can  be  seen  from  die  scheme  given  below, 
die  carbonyl  group  in  the  five  membered  ring  of  these  compounds  is  more  screened  dian  die  carbonyl  group  In 
die  bicyclolieptanc  ring,  which  makes  die  first  less  reactive. 


The  study  of  the  reactions  of  dimethylcyclopentenones  (I)  and  (II)  which  are  easily  obtained  from  acetylene 
has  opened  the  possibility  of  their  use  as  dienes  in  the  diene  synthesis  with  different  die nopliiles  with  the  formation 
of  the  bicycloheptaiie  system  of  the  type  of  norcamphor  and  its  derivatives. 

EXPERIMENTAL 

P  ic  ne  Condensation  of  Dimethylcyclopentenones  (I)  and  (II)  under  the  Influence 
of  Potassium  Hydroxide 

To  an  equiinolccular  mixture  of  50  g  of  2,4-dimethyl-A*-cyclopenten-l-one  (1)  (b.  p.  164-166*,  n‘®D 
1.4685)  and  50  g  of  2,4-dimethyl-A^-cyclopenten- 1-onc  (II)  (b.  p.  180-182*,  n^^D  1.4770)  was  added  300  ml  of 
absolute  ether*  and  1.5  g  of  powdered  potassium  hydroxide.  The  mixture  was  stirred  at  room  temperature  for 

•The  ether  used  in  the  condensation  of  tlie  cyclopentenones  was  first  dried  over  potassium  hydroxide. 
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six  hours.  Then  a  furilier  1.5  g  of  powdered  potassium  liydroxide  was  added  and  stirring  was  continued  for  another 
four  hours.  The  edter  solution  of  the  product  was  washed  successively  witli  water,  dilute  hydrochloric  acid,  and 
again  witli  water,  and  was  dried  over  magnesium  sulfate.  After  removal  of  the  solvent  and  the  mixture  of  start¬ 
ing  dimctliylcyclopentenoncs  (b.  p.  65-75*  at  15  mm,  28  g)  the  product  was  distilled  in  a  vacuum  at  5  mm.  We 
tlicn  isolated  the  following  fractions:  1st,  b.  p.  150-157*,  n**D  1.4070,  10.3  g;  2nd,  b.  p.  157-160*,  n**D  1.4990, 

13.7  g;  3rd,  b.  p.  160-170*,  n”D  1.5000,  9.0g;  4th,  b.  p.  170-200*.  n^D  1.5045,  7.1  g;  residue,  30.6. 

The  1st,  2nd,  and  3rd  fractions  partly  crystallized.  From  tlicm  we  isolated  10  g  of  crystalline  diketone  (III), 
l,3a,4,7-tetiamcthyl-4,7-endomcthylcnc-3,6-dil<etohexahydroindane,  m.  p.  83-84*.  After  separation  of  the  crystal¬ 
line  substance  there  remained  a  considerable  portion  of  the  liquid  mixture  of  dimerization  products. 

The  diketone  (Ill)  was  also  formed  as  a  by-product  in  all  cases  when,  under  tlie  Influence  of  hydrogen 
chloride,  potasli,  or  potassium  hydroxide,  there  occurred  isomerization  of  2,4-dimethyl-A*-cyclopenten-l-one 
Into  2,4-dimctliyl-A^-cyclopenten-l-one  [1). 

The  diketone  (III)  consisted  of  colorless,  clear  crystals  melting  at  94-95*.  It  crystallized  well  from  acetone, 
ether,  methyl  and  ethyl  alcohols,  and  from  water.  With  slow  crystallization  it  formed  large,  beautiful  crystals 
which  reached  a  diameter  of  5-6  cm  and  a  weight  of  10-15  g. 

Found ‘yo;  C  76.03,  76.18;  H  9.20,  9.08.  M  218.6,  214.8.  Ci4Hio02.  Calculated ‘fe  C  76.32;  H  9.15. 

M  220.3 

Monosemicarbazone  melted  at  215-216*  (from  methyl  alcohol). 

Found  Vo:  N  15.22,  15.28.  C15II23O2N3.  Calculated  Vo:  N  15.15. 

The  mono-2,4-dinitrophcnylhydrazonc  melted  at  250-252*  (from  alcohol). 

Found  Vo:  N  14.10,  13.90.  C20H24O5N4.  Calculated  Vo;  N  13.99. 

The  diketone  (III)  over  a  period  of  several  minutes  did  not  decolorize  a  weak  solution  of  bromine  in  chloro¬ 
form  or  of  potassium  permanganate  in  acetone  at  0*  or  at  room  temperature.  The  substance  did  not  contain  hydrox¬ 
yl  groups,  but  on  prolonged  reaction  (10-15  minutes)  with  excess  metliyl  magnesium  iodide  it  gradually  enolized 
so  that  there  was  slow  evolution  of  methane. 

Reactions  of  splitting  the  diketone  (III),  a)  Ten  g  of  diketone  was  heated  for  eight  hours  at  260-280*  in  a 
sealed  glass  ampule.  After  it  had  cooled,  tlie  product  was  a  mobile  liquid  of  a  dark  yellow  color.  As  a  result 
of  distillation  at  normal  pressure  (740  mm)  we  obtained  the  following  fractions:  1st,  b.  p.  165-173*,  n*®D  1.4690, 

l. 25  g;  2nd,  b.  p.  173-180*,  n^D  1.4745,  4.85  g;  3rd,  b.  p.  180-182*,  n*°D  1.4765,  2.0  g;  crystalline  residue, 

m.  p.  94-95*,  1.5  g. 

A  sample  of  residue  mixed  with  starting  ketone  (III)  melted  at  94-95*. 

From  the  first  fraction  we  obtained  a  semicarbazone  which  melted  at  172-173*  and  gave  no  depression  of 
tlie  melting  point  with  the  semicarbazone  of  2,4-dimctliyl-A*-cyclopcnten-l-one  (1). 

From  die  fourth  fraction  we  obtained  a  semicarbazone  which  melted  at  189-190*  and  gave  no  depression 
of  tlie  nicltii^  point  with  the  semicarbazone  of  2,4-dime tliyl-A^-cyclopenten-l-onc  (II). 

b)  A  mixture  of  3.9  g  of  diketone  and  0.04  g  of  powdered  potassium  hydroxide  was  heated  on  a  metal  bath 
at  150-160*  in  a  weak  vacuum.  After  5-7  minutes  the  product  bubbled  and  the  following  fractions  were  distilled 
‘from  It:  1st,  b.  p.  100-105*  (92  mm),  n^D  1.4755,  l.Og;  2nd,  b.  p.  80-105*  (11  mm),  n^D  1.4810,  0.1  g;  3rd, 
b.  p.  105-150*  (11  mm),  n^D  1.4970,  0.4  g;  residue  1.1  g. 

Distillation  at  normal  pressure  of  tlie  first  two  fractions  gave  2,4-dimethyl-A*-cyclopenten-l-ope  (I)  (semi¬ 
carbazone  m.p.  171-173“)and  2,4-dimethyl-A^-cyclopcnten-l-one  (II)  (semicarbazone  m.  p.  189-190*).  Neithersemi- 
carbazone  gave  a  depression  of  melting  point  witli  known  samples. 

c)  A  mixture  of  5  g  of  diketone  and  1.25  g  of  concentrated  sulfuric  acid  was  heated  at  125-130"  for  15 
minutes.  After  cooling,  the  reaction  product  was  diluted  with  water  (10  ml),  neutralized  with  soda,  extracted  with 
ether,  the  ether  extract  was  waslied  with  water  and  dried  over  magnesium  sulfate.  After  removal  of  the  solvent 
the  product  was  distilled  in  a  vacuum.  VVe  tlius  obtained  a  liquid  fraction  with  b.  p.  58-60*  (9  mm),  n*°D  1.4720, 
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2.4  g,  and  a  crystalline  rcr  ldiie,  2.3  g. 

After  rccrystallizati(»n  of  the  rcsidne  from  acetone  v/e  obtained  a  crystalline  substance  which  melted  at 
94-95*  and  gave  no  melting  point  depression  with  the  original  diketonc  (III).  The  liquid  fraction  was  a  mixture  of 
dimctliylcyclopentenones  (I)  aiid  (II)  (b.  p.  162-182*  at  760  mm),  which  was  identified  by  tlie  semlcarbazones  de¬ 
scribed  above. 

d)  A  mixture  of  5  g  of  diketone  (III)  and  15  ml  of  concentrated  hydrochloric  acid  was  heated  at  lOO*  for 
three  hours  in  a  sealed  glass  ampule.  After  it  had  cooled,  tlie  liquid  product  was  neutralized  with  sodium  bicarbon¬ 
ate,  extracted  with  ctlier,  and  dried  over  magnesium  sulfate.  After  removal  of  the  solvent,  part  of  tlie  product 
crystallized  and  we  tlius  obtained  2.8  g  of  die  original  diketonc  (III),  m.  p.  94-95*  (from  methanol).  Distillation 
of  the  liquid  portion  gave  1.2  g  of  2,4-dimethyl-A^-cyclopenten-l-one  (II),  b.  p.  76-78*  (20  mm),  n**D  1.4770, 
which  was  identified  as  the  semicarbazone,  m.  p.  189-190*.  , 

Action  of  Methyl  Magnesium  Iodide  on  Diketone  (III).  A  solution  of  10  g  of  the  diketone  In  200  ml  of  ab¬ 
solute  ether  was  added  dropwise  with  constant  stirring  to  methyl  magnesium  iodide  prepared  from  3.1  g  of  magne¬ 
sium  and  19.4  g  of  methyl  iodide  in  300  ml  of  absolute  etlier.  After  addition  of  die  diketone,  stirring  was  con¬ 
tinued  for  four  hours  more  and  dicn  the  reaction  mixture  was  allowed  to  stand  overnight.  On  die  next  day  the 
mixture  was  heated  to  boiling  for  six  hours,  the  product  was  treated  with  iTjo  hydrochloric  acid  (40  ml),  washed 
with  a  solution  of  sodium  hyposulfite,  then  with  water,  and  dried  with  sodium  sulfate.  After  distillation  of  the 
solvent  we  obtained  10  gof  the  keioalcohol  (IV),  l,3a,4,6,7-pentamethyl-4,7-endomethylene-3-ketohexahydro- 
6-indanol,  easily  soluble  in  benzene,  ether,  and  mediyl  and  ethyl  alcohols;  soluble  with  difficulty  in  ligroin, 
m.  p.  115-116*  (from  a  mixture  of  ether  and  ligroin,  1:1). 

Found‘7o:  C  76.36,  76.27;  H  10.25,  10.21;  OH  6.27,  6.23.  M  237.8,  240.8.  C15H24O,.  Calculated ‘/o: 

C  76.22,  H  10.28;  OH  7.20,  M  236.3. 

Reduction  of  Diketone  (III).  To  a  solution  of  1  g  of  sodium  in  65  ml  of  alcohol  we  added  6.7  g  of  die  diketone, 
and  the  mixture  was  lieated  (70-75*)  to  complete  solution  of  the  diketone.  Then  to  the  solution,  cooled  to  room 
temperature,  we  added  die  Pt  catalyst,  and  die  substance  was  hydrogenated  for  12  hours,  at  first  at  a  rate  of  100- 
150  ml  per  hour,  then  much  more  slowly,  and  finally  hydrogenation  stopped  entirely.  Seven  hundred  ml  of  hydro¬ 
gen  was  absorbed  (calculated,  687  ml).  Tlie  product  was  neutralized  with  \Tk  hydrochloric  acid,  the  solvent  was 
distilled  off  in  a  weak  vacuum,  the  residue  was  extracted  widi  ether,  the  edier  solution  was  dried  with  magnesium 
sulfate  and  after  distillation  of  the  ether  the  product  was  distilled  in  a  vacuum.  We  obtained  6  g  of  ketoalcohol 

(V) ,  l,3a,4,7-tcuamethyl-4,7-cndomctliylcnc-3-ketohcxahydroindan-6-ol,  b.  p.  120-122*  (3  mm),  n*®D  1.5020, 
which  crystallized  completely  on  standing.  After  recrystallization  from  a  mixture  of  ligroin  and  ether  the  sub¬ 
stance  melted  at  66-67*. 

Found ‘yo;  C  75.64,  76.37;  H  10.11,  10.05;  OH  7.83,  7.64.  C14H22O2.  Calculated  C  75.63;  H  9.97; 

OH  7.65. 

The  semicarbazone  melted  at  227-230*  (decomposition). 

Found  *70:  N  15.27,  15.38.  CjsHzsOzNj.  Calculated  N  15.04. 

f 

Clemmcnsen  Reduction  of  Diketonc  (III).  To  a  zinc  amalgam  prepared  from  25  g  of  zinc  turnings  and  1.7  g 
of  mercuric  chloride  was  added  6.7  g  of  the  diketone,  50  m’  of  concentrated  hydrochloric  arid,  and  30  ml  of  water. 
The  mixture  was  iieated  gently  for  15  hours.  During  the  reaction  the  mixture  was  twice  treated  with  30  ml  of 
concentrated  hydrochloric  acid.  During  tlie  heating  tlie  crystalline  diketone  gradually  dissolved.  The  solution 
was  filtered  from  uiueacied  zinc,  neutralized  with  soda  and  repeatedly  extracted  with  ether;  the  ether  solution 
was  dried  will)  calcium  chloride  and  after  distillation  of  the  solvent  the  product  was  distilled  in  a  vacuum.  We 
obtained  4.7  g  of  a  substance  with  b.  p.  132-140*  (27  mm)  which  on  further  distillation  yielded  2.5  g  of  pure  ketone 

(VI) ,  l,3a,4,7-tetramethyl-4,7-endotncthylcne-3-ketohcxahydroindanc  as  a  colorless,  mobile  liquid  with  a  pleasant 
camphor  smell. 

B.  p.  136-137*  (28  mm),  n”D  1.4820,  d*®4  0.9737,  MR^,  60.40;  calculated  60.26. 

Found ‘7o:  0  81.79,81.51;  H  10.82,  10.80.  C14H22O.  Calculated ‘Vo;  0  81.49;  H  10.74. 

The  semicarbazone  melted  at  220-222*  (decomposition). 
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Found^/o:  N  15.56,  15.61.  CisH^sOaNj.  Calculated ‘/o;  N  15.95. 

The  ketone  (VI)  by  reaction  witli  meiliylmagncsiuin  iodide  in  absolute  ether  was  enollzed,  so  that  It  gave 
only  a  quantitative  yield  of  methane.  After  tlic  corresponding  treatment  of  tlie  magnesium  salt  we  obtained  the 
original  ketone  which  was  identified  as  the  scmicarbazone.  In  an  attempt  to  hydrogenate  with  sodium  ethylate 
and  Pt  catalyst  for  six  lionrs.tlie  ketone  (VI)  was  recovered  completely. 

Hydrogenation  of  Diketone  (III)  under  Pressure.  We  hydrogenated  16.2  g  of  the  diketonc  In  a  solution  in 
35  ml  of  isopropyl  alcohol  in  tlic  presence  of  1  g  of  Raney  nickel  at  a  pressure  of  88  atm  of  hydrogen  for  five 
hours  at  100'.  Wlien  tlie  reaction  had  ended,  the  catalyst  was  filtered  off,  tlie  solvent  was  distilled  off,  and  the 
residue  was  twice  distilled  in  a  vacuum.  We  thus  obtained  12  g  of  glycol  (VII),  l,3a,4,7-tctramcthyl-4,7-cndo- 
mcthylenc-3,6-hcxahydroindandiol  as  a  colorless,  slightly  mobile  liquid. 

B.  p.  142-1 13*  (2  mm),  n”D  1.5100,  d*®^  1.0622,  MRd  63.13;  calculated  63.30. 

Found‘’/o;  C  75.05,  74.82;  H  10.37,  10.52;  01113.66,  13.34.  C14II24O2.  Caleulated ‘y®:  C  74.95; 

H  10.78;  OH  15.18. 

Reduction  of  the  Diketone  (III)  According  to  Kisclmcr.  A  mixture  of  10  g  of  diketonc  and  13  g  of  hydrazine 
hydrate  was  refluxed  with  stirring  for  30  hours.  The  oil  which  formed  on  heating  gradually  crystallized  and  the 
product  remained  crystalline  during  furtlier  heating  of  the  mixture.  The  dihydrazone  (VIII)  thus  obtained  was 
filtered  off  (11.6  g),  waslied  twice  witli  water,  and  dried  in  a  vacuum  desiccator.  After  purifying  it  by  successive 
crystallizations  from  alcohol  and  benzene  it  melted  at  171-173*. 

Found  *70:  C  67.70,  67.86;  H  9.67,  9.76.  C,4H24N2.  Calculated ‘7o:  C  67.70;  H  9.74. 

A  mixture  of  4.6  g  of  tlie  dihydrazone  and  0.5  g  of  fused  potassium  hydroxide  (containing  a  trace  of  silver 
oxide)  was  heated  on  a  metal  bath  at  190-195'  for  four  hours.  Distillation  in  a  vacuum  gave  2.6  g  of  a  hydrocarbon 
with  b.  p.  130-140'  (55  mm),  n*®D  1.4635.  Tlie  product  was  successively  waslied  with  3(f/o  acetic  acid,  a  solution 
of  sodium  bicarbonate,  and  was  dried  over  calcium  chloride;  it  was  then  treated  with  metallic  sodium  and  distilled 
In  a  vacuum.  As  a  result  of  this  purification  we  obtained  1.2  g  of  hydrocarbon  (IX),  l,3a,4,7-tetrametliyl-4,7- 
cndomctliylene-hexahydroindanc. 

B.  p.  128-130*  (50  mm),  n*®D  1.4740,  d*®4  0.8943,  MRj)  60.44;  calculated  60.25. 

Found  “yo:  C  87.35,  87.45;  H  12.62,  12.47.  C,4H24.  Calculated  *70:  C  87.40;  H  12.58. 

Diene  Condensation  of  Cyclopcntadicne  with  2,4-Dimethyl-A^-cyclopentcn-l-one  (I),  a)  A  mixture  of 
20  g  of  cyclopcntadicne  with  30  g  of  tlic  dimctliylcyclopentcnone  (b.  p.  164-166',  n^^D  1.4670)  was  heated  in  die 
presence  of  0.2  g  of  pyrogallol  in  a  metallic  ampule  at  180-200“  for  six  hours.  Distillation  In  a  vacuum  gave 
two  fractions:  1st,  b.  p.  65-90'  (20  mm),  n*®D  1.4750,  38.5  g;  2nd,  b.  p.  140-150'  (20  mm),  n*®D  1.5380,  6  g; 
residue,  5  g. 

The  first  fraction  is  a  mixture  of  dicyclopcntadiene  and  dimediylcyclopentenones  (I)  and  (II).  By  repeated 
fractionation  in  a  vacuum  die  second  fraction  gave  5  g  of  a  hydrocarbon  as  a  yellow  mass  with  b.  p.  123-125* 

(7  mm),  n®®D  1  .5415;  it  is  the  product  of  die  self-condensation  of  cyclopcntadicne. 

Found  *70:  C  90.78,  90.89;  H  9.12,  9.06.  (C5H6)n.  Calculated  C  90.85;  H  9.14. 

b)  A  mixture  of  75  g  of  freshly  distilled  cyclopcntadicne  and  88  g  of  dimcthylcyclopentenone  (I)  in  500  ml 
••of  dry  cdier  was  stirred  in  the  presence  of  10  g  of  powdered  potassium  hydroxide  at  room  temperature  for  four 
hours.  At  die  moment  of  adding  the  alkali  die  mixture  became  colored,  at  first  yellow  and  then  brown.  The 
temperature  of  the  mixture  rose  from  20*  to  26*  and  remained  at  diis  level  for  diree  hours.  The  product  was  treated 
widi  water  and  after  distillation  of  the  edicr  and  unreacted  cyclopcntadicne  was  distilled  in  a  vacuum.  We  dius 
obtained  28.3  g  of  a  mixture  of  dimcthylcyclopcntenones  (I)  and  (II)  with  dicyclopcntadiene  and  isolated  42.5  g 
of  condensation  product  with  b.  p.  70-150'  (3  mm).  The  tarry  residue  from  the  distillation  weighed  30  g. 

As  a  result  of  three  successive  distillations  of  die  condensation  product  in  a  vacuum  we  isolated  18  g  of 
pure  ketone  (XI),  l,3a,4-  or  l,3a,7-trimethyl-3-kcto-3a,7a-dihydroindane  as  a  clear  yellow,  mobile  liquid  which 
polymerized  on  standing. 

B.  p.  118-119*  (13  mm),  n*®D  1.5000,  d”4  0.9815,  MR|^  52.81.  C^HieOFi.  Calculated  52.29. 
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Found  <70:  0  81.65,  81.40;  H  9.20,  9.11.  CuHigO.  Calculated 'y*:  0  81.77;  H  9.14. 

The  2,4-dinItropfienylhydrazone  melted  at  149-150*  (from  alcohol). 

Found‘7o:  N  16.24,  16.18.  C18H20O4N4.  Calculated '7o:  N  15.72. 

An  cquimolccular  amount  of  ketone  (XI)  and  maleic  anliydride  in  benzene  solution  reacted  with  strong 
heating,  but  die  crystalline  adduct  could  not  be  isolated. 

When  5.3  g  of  die  ketone  was  heated  widi  1.7  g  of  acrolein  in  a  sealed  glass  ampule  at  100*  for  four  hours 
with  later  distillation  of  die  product  in  a  vacuum,  we  isolated  1.5  g  of  the  starting  ketone  and  obtained  2.5  g  of 
adduct  as  a  light  yellow  liquid. 

B.  p.  163-164*  (2  mm),  n*®D  1.5095,  d*®4  1.0523,  MR^  65.92;  calculated  64.52. 

Found'?®:  0  77.68,  77.74;.  H  8.70,  8.68.  CisHioO,.  Calculated '7o:  C  77.54;  H  8.68. 

The  substance  did  not  give  derivatives  for  die  carbonyl  group. 

Hydrogenation  of  Trimethyldihydroindanone  (XI).  We  hydrogenated  10.5  g  of  the  ketone  (b.  p.  118-119* 
at  13  mm,  n^®D  1.5000)  in  alcohol  solution  in  the  presence  of  a  Pt  catalyst.  Hydrogenation  took  place  very 
energetically  and  after  one  hour  two  moles  of  hydrogen  were  absorbed.  As  a  result  of  distillation  we  obtained  a 
saturated  ketone  (XII),  l,3a,4-  or  l,3a,7-trimediyl-3-ketohcxahydroindane,  a  colorless,  pleasant  smelling  liquid. 

B.  p.  120-122*  (13  mm),  n”D  1.4780,  d”4  0.9545,  MRj)  53.46;  calculated  53.23. 

Founder  C  79.80,  79.63;  H  11.03,  11.05.  C^HioO.  Calculated  *7®:  C  79.94;  H  11.18. 

The  2,4-dinitrophenylliydrazone  melted  at  130-131*  (from  alcohol). 

Found'?®:  N  15.52,  15.34.  Ci8nt404N4.  Calculated '7®:  N  15.54. 

Trimcdiylhydroindanone  (XII)  was  not  hydrogenated  with  a  Pt  catalyst  in  the  presence  of  sodium  ethylate, 
and  under  the  action  of  methyl  magnesium  iodide  it  evolved  an  equivalent  amount  of  methane  and  after  hydrolysis 
of  the  magnesium  salt,  the  ketone  was  regenerated. 

Diene  Condensation  of  Cyclopcntadicne  with  2,4-Dimethyl-A^-cyclopenten-l-one  (II).  A  mixture  of  8.5  g 
of  freshly  distilled  2,4-dimcthyl-A^-cyclo{')cnten-l-one  (b.  p.  180-182*,  n*®D  1.4770)  and  67  g  of  cyclopenta- 
diene  in  500  ml  of  dry  ether  was  stirred  in  the  presence  of  10  g  of  powdered  potassium  hydroxide  for  four  hours 
at  room  temperature.  After  the  usual  treatment  and  distillation  of  the  product  we  obtained  3  g  of  the  condensa¬ 
tion  product  with  b.  p.  110-130*  (15  mm)  and  about  6  g  of  tar.  The  experiment  was  repeated  with  an  increase 
in  duration  of  die  experiment  to  six  hours.  The  condensation  product  was  then  obtained  with  a  smaller  yield. 

After  repeated  distillation  of  the  condensation  product  (from  two  experiments)  in  a  vacuum  we  obtained  3.6  g 
of  u-imeiliylliydroindanone  (XIV),  2,4,7a-  or  2,7,7a-trimetliyI-3-keto-3a,7a-dihydroindanc  in  die  form  of  a  dark 
yellow  liquid. 

B.  p.  121-122*  (15  mm),  n*®D  1.5020,  d*®4  0.9942,  MR^  52.31.  CizHigOFij-  Calculated  52.29. 

The  2,4-dinitroplienylhydrazone  melted  at  142-143*  (from  alcohol). 

Found  <7®:  C  60.33,  60.27.  11  5.64,  5.65;  N  15.80,  15.57.  C18H20O4N4.  Calculated '7®:  C  60.66;  H  5.65; 

N  15.72. 

Three  g  of  trimethyldihydroindanone  was  hydrogenated  in  alcohol  solution  in  the  presence  of  a  Pt  catalyst. 
Hydrogenation  occurred  very  energetically,  absorbing  two  moles  of  hydrogen  (0.78  liters,  calculated,  0.76  liters). 

As  a  result  of  distillation  we  obtained  trimcthylhexahydroindanone  in  die  form  of  a  colorless  liquid. 

B.  p.  85-86*  (2  mm),  n*®D  1.4825,  d*®4  0.9665,  MRq  53.22;  calculated  53.22. 

The  2,4-diniirophenylliydrazonc  melted  at  145-146*. 

Found'?®:  N  15.42,  15.40.  C18H24O4N4.  Calculated ‘7®:  N  15.54. 

Dimerization  of  2,4-Dimethyl-A^-cyclopentcn-l-one  (I)  under  the  Influence  of  Alkali.  To  a  solution  of 
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100  g  of  2,4-dinictfiyl-A*-cyclopcnten-l-one  (b.  p.  164-166*,  1.4680)  in  300  ml  of  dry  ether  we  added  1.5  g 

of  powdered  potassium  liydroxide  and  the  mixture  was  stirred  for  ten  liours  at  room  temperature.  On  the  next  day 
anotlier  1.5  g  of  potassium  hydroxide  was  added  and  stirring  was  continued  for  five  hours  more.  The  ether  solution 
was  washed  successively  with  water,  dilute  hydrochloric  acid,  again  with  water,  and  was  dried  with  magnesium 
sulfate.  After  distillation  of  the  solvent  and  tlic  original  dimcthylcyclopcntenonc  (I)  (b.  p.  45-50*  at  4  mm,  19  g) 
die  product  was  distilled  in  a  vacuum.  As  a  result  of  the  distillation  we  obtained  two  fractions:  die  1st  widi  b.  p. 
155-160*  (4  mm),  40.7  g;  die  2nd  with  b.  p.  240-253*  (9  mm),  14.9  g;  residue  17.6  g. 

The  first  fraction  crystallized  and  by  cooling  we  isolated  from  it  11.5  g  of  liquid  mixture  of  dimers  and 
29.2  g  (30yo)  of  crystalline  diketonc  (XV),  l,3a,5-uimctliyl-4,7-cndocdiylidenc-3,6-diketohcxahydroIndane  with 
m.  p.  83-84*  (from  acetone). 

Found^o:  C  76.26,  76.27;  11  9.24,  9.31.  CuHjoOi.  Calculated  "/o:  C  76.32;  H  9.15. 

The  monoscmicarbazonc  melted  at  192-193*  (from  alcohol). 

round'yo;  N  15.35,  14.95.  C15H23O2N3.  Calculated  N  15.15. 

The  mono-2,4-dinitrophcnylhydrazonc  melted  at  173-174*  (from  benzene). 

Founder  N  13.77,  13.51.  C2oH2405N^.  Calculated ‘70;  N  13.99. 

The  substance  gradually  decolorized  an  acetone  solution  of  potassium  permanganate  and  a  weak  solution 
of  bromine  in  chloroform. 

The  oil  which  remained  after  separation  of  the  crystalline  diketone  gradually  crystallized  on  standing 
and  the  diketonc  was  again  isolated  from  it.  The  total  yield  of  the  latter  was  about  4Cf7o. 

The  third  fraction  was  an  almost  solid,  colorless  mass.  From  it  we  isolated  the  crystalline  trimer  which 
melted  at  157-159*. 

l'ound‘7a:  C  76.15,  76.32;  119.15,9.37;  0114.96,4.91.  M  323.2,  324.9  CjiHaoOj.  Calculated 
C  76.32;  11  9.15;  OH  5.14.  M  330.5. 

The  mono-2,4-dinitrophenylhydrazone  melted  at  206-208*  (from  benzene). 

Found ‘T);  N  10.84.  10.66.  C27H34O6N4.  Calculated  "/o;  N  10.97. 

The  substance  was  not  acctylatcd  by  six  hour  heating  witli  acetic  anhydride  in  pyridine  solution  at  100*. 

Splitting  of  tlic  Diketone  (XV).  A  mixture  of  17.7  g  of  tlie  diketone  (m.  p.  83-84*)  and  0.1  g  of  powdered 
potassium  hydroxide  was  heated  in  a  vacuum  (15-20  mm)  on  a  metal  bath  at  150-200*.  The  reaction  product  then 
quickly  boiled  and  almost  completely  distilled.  As  a  result  of  this  we  obtained  12.2  g  of  dimethylcyclopentenone 
(I)  witli  a  mixture  (about  \Slo)  of  its  isomer  (II)  with  b.  p.  60-80*  (15  mm),  n^°D  1.4710.  When  the  resulting  di- 
mcthylcyclopcntcnoncs  were  distilled  at  normal  pressure  (754  mm)  we  isolated  the  following  fractions:  1st,  b.  p. 
164-166*,  n^°D  1.4670,  3.3  g;  2nd,  b.  p.  166-170*,  n^°D  1.4698,  4.6  g;  3rd,  b.  p.  170-172*,  n^D  1.4712,  1.3  g; 

4th,  b.  p.  172-178,  n^D  1.4742,  1.4  g;  residue,  1.3  g. 

The  semicarbazonc  obtained  from  the  first  fraction  melted  at  171-173*  and  gave  no  melting  point  de¬ 
pression  witli  the  scmicarbazone  of  known  2,4-dimcthyl-A*-cyclopcnten-l-one  (I). 

From  tlte  fourtli  fraction  we  obtained  a  mixture  of  semicarba zones  in  which,  by  many  rccrystallizatlons 
Trom  alcoliol  we  found  two  scrnicarbazoncs  with  m.  p.  171-173*  and  190-191*  which  corresponded  to  the  di- 
methylcyclopentcnoncs  (I)  and  (II)  and  gave  no  melting  point  depressions  witlt  known  samples. 

Hydrogenation  ofDikctone(XV)inthePrcsenccof  Raney  Nickel  under  Pressure.  Eight  g  of  diketone  in  a 
solution  of  30  ml  of  isopropyl  alcohol  was  hydrogenated  for  ten  hours  in  the  presence  of  1  g  of  Raney  nickel  at  a 
pressure  of  108  atm  of  hydrogen  and  at  100-110".  At  the  end  of  tlic  reaction  tlic  catalyst  was  filtered  off,  the  solu¬ 
tion  was  distilled,  and  the  residue  was  distilled  in  a  vacuum.  We  then  obtained  7.4  g  of  glycol  (XVI),  l,3a,5- 
trimcthyl-4,7-cndoethylidcnehcxahydroitidan-3,6-dioI,  a  colorless,  slightly  mobile  liquid. 

B.  p.  146-148*  (4.5  mm),  ti^°D  1.4900,  1.0100,  MRp  64.50;  calculated  63..30. 
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Found  C  75.05,  75.12;  H  10.88,  11.06;  011  10.00,  10.60.  0,4112402.  Calculated  C  74.95;  H  10.78; 

OM  15.16.* 

Dimerization  of  2,4-dimcthyl-A^-cyclopentcn-l-one  (II)  under  the  Influence  of  Alkali.  To  a  solution  of 
145  g  of  2,4 -dimethyl- A^-cyclopcntcn-1 -one  (b.  p.  180-182*,  n^®D  1.4770)  in  300  ml  of  dry  ether  we  added  3  g 
of  powdered  potassium  hydroxide  and  stirred  tlie  mixture  at  room  temj^erature  for  15  hours.  The  product  was 
neutralized  with  tlie  calculated  amount  of  acetic  acid,  washed  with  water,  dried  with  sodium  sulfate,  and  after 
distillation  of  die  solvent  and  original  dimethylcyclopentcnone  (b.  p.  58-62*  at  9  mm,  39  g),  die  product  was 
distilled  in  a  vacuum  at  2  mm.  We  dien  obtained  die  following  fractions:  1st,  b.  p.  75-120*.  n^®D  1.4792,  3.9  g; 

2nd,  b.  p.  120-128*,  n'^D  1.4980,  41.5  g;  3rd,  b.  p.  128-135*,  n'^D  1.4082,  31.3  g;  4th,  b.  p.  135-180*,  n^*D 
1.5000,  9.5  g;  residue  16.4  g. 

As  a  result  of  many  successive  distillations  in  a  vacuum  all  the  fractions  were  separated  into  two  more  or 
less  homogeneous  fractions:  a)  30.5  g  of  a  fraction,  b.  p.  108-114*  (1.8  mm),  n*°D  1.4950,  d*°4  1.0573,  from 
which,  on  standing  we  obtained  14  g  of  the  crystalline  diketone  (III),  b.  p.  94-95*;  b)  28  g  of  a  fraction,  b.  p. 
120-124*  (2  mm),  n*°D  1.4954,  d^®4  1.0554,  from  which  we  separated  17.2  g  of  crystalline  diketone  (XVII),  2,4,7,7a- 
tetramediyl-4,7-cndomcthylenc-3,6-diketohcxahydroindane  with  m.  p.  108-109*. 

The  diketone  crystallized  well  from  ligroin  and  did  not  decolor  a  weak  solution  of  permanganate  In  acetone 
at  room  temperature. 

Found ‘T’o:  C  76.44,  76.35;  H  9.27,  9.19.  C14H20O2.  Calculated  C  76.32,  H  9.15. 

The  mono-2,4-diniuoplienylhydrazone  melted  at  190-191*  (from  alcohol). 

Found ‘yo:  N  14.05,  14.15.  C2oH2405  N4.  Calculated N  13.99. 

SUMMARY 

1.  2,4-Dimethyl-A*-cyclopenten-l-one  and  2,4-dimethyl-A^-cyclopenten-l-one  because  of  enolizatlon 
form  active  diene  systems  of  bonds  and  react  widi  each  other  in  the  diene  condensation  with  formation  of  tlie 
corresponding  dimers  in  yields  of  35-40‘7<>. 

2.  Wc  have  studied  tlie  various  transformations  of  these  dimers  which  are  bridged  tricyclic  diketones,  their 
split  into  monomers,  Grignard  synthesis,  Clemmensen  reduction,  hydrogenation  with  a  Pt  catalyst  in  the  presence 
of  sodium  ethylate,  hydrogenation  imder  pressure  in  tlie  presence  of  Raney  nickel  catalyst;  these  permit  us  to 
draw  conclusions  as  to  their  structure. 

3.  We  have  studied  the  diene  condensation  of  2,4-dimet!iyl-A*-  and  2,4-dimetliyl-A^-cyclopenten-l-ones 
with  cyclopentadiene  in  tlie  presence  of  alkali  leading  to  the  formation  of  dienic  bicyclic  ketones,  l,3a,4  (or 
l,3a,7)-  and  2,4,7a  (or  2,7,7a)-trimethyl-3-keto-3a,7a-dihydroindanes. 
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•  In  the  determination  of  the  hydroxyl  grotips  according  to  Tserevitinov,  tlie  glycol  was  evidently  partly  precipitated 
by  the  Grignard  reagent  from  its  solution  in  butyl  etlier  and  therefore  did  not  all  react  at  once,  but  only  after 
energetic  shaking  and  heating. 
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In  continuation  of  the  work  on  the  synthesis  of  esters  of  amino  alcohols  with  different  structures  In  order  to 
obtain  physiologically  active  compounds,  we  have  undertaken  the  hydrogenation  of  tlie  a -acetylenic  amino 
alcoliols  and  tlicir  esters  which  we  prepared  previously  [1], 

There  Is  Information  In  the  literature  tliat  the  hydrogenation  of  acetates  of  a-acetylenic  amino  alcohols 
over  nickel  catalysts  is  accompanied  by  complete  hydrogenolysls  at  the  ester  bond;  the  same  process  occurs  to 
a  considerable  extent  also  in  hydrogenation  over  a  palladium  catalyst  [2],  Hydrogenolysls  was  also  observed  in 
the  reduction  of  dimcthylvlnylethynyl  carbinol  witli  copperized  zinc  [3]. 

We  carried  out  die  hydrogenation  of  dimethyl- y -piperylidenopropynyl  carbinol  benzoate  (I)  and  1-y-piperyl- 
Idenopropynyl-l-cyclopentanol  benzoate  (IV)  in  die  presence  of  a  catalyst  of  (T/o  Pd/  BaS04  at  normal  pressure  of 
hydrogen.  In  order  to  select  the  conditions  of  least  hydrogenolysls,  we  carried  out  the  reductions  with  the  benzo¬ 
ates  of  tlie  acetylenic  amino  alcohols,  dicir  hydrochlorides,  and  also  hydrogenation  in  die  presence  of  benzoic 
acid  (1  mole  per  1  mole  of  hydrogenated  product).  Hydrogenolysls  occurred  to  die  least  extent  in  the  hydro¬ 
genation  of  die  hydrochlorides.  The  percent  of  hydrogenolysls  could  be  established  accurately  enough  by  the 
amount  of  benzoic  acid  isolated.  Thus,  when  hydrogenation  of  dimethyl-  y -piperylldenopropynyl  carbinol  benzoate 
(1)  hydrochloride  was  stopped  after  absorption  of  the  amount  of  hydrogen  needed  for  one  bond,  and  after  the  cor- 
rcspondii^  treatment,  we  isolated  24*^0  of  dlmcdiyl-y -plperidinopropenyl  carbinol  benzoate  (II),  benzole  acid, 
and  247oofan  aliphatic  amine  (III);  that  is,  there  was  2fflo  hydrogenolysls.  In  order  to  show  that  the  Isolated  benzo¬ 
ate  (11)  was  an  ester  of  an  ethylenic  amino  alcohol,  we  saponified  it  to  die  corresponding  alcoliol  (XI).  The  con¬ 
stants  of  this  alcohol  agreed  with  diose  of  die  product  obtained  by  selective  hydrogenation  of  dimethyl- y -piperidino- 
propynyl  carbinol  (X). 
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When  In  the  hydrogenation  of  dimethyl-y -piperidinopropynyl  carbinol  benzoate  (I)  hydrochloride  an  amount 
of  hydrogen  was  absorbed  equal  to  die  hydrogenation  of  two  bonds,  we  Isolated  from  the  product  4Ef7o  benzoic  acid, 
46.S7o  aliphatic  amine,  and  a  mixture  of  amino  alcohol  benzoates  (b.  p.  150-160*  at  3  mm)  from  which  individual 
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compounds  could  not  be  separated. 

Analogous  results  were  obtained  in  the  hydrogenation  of  l-y -piperidinopropynyl-l-cyclopenianol  benzoate 
(IV)  hydrochloride. 
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l-y -Pipcridinopropyl-l-cyclopentanol  benzoate  (V)  was  saponified  into  the  corresponding  etliylenlc  alcohol. 

The  fact  that  the  low  boiling  product  isolated  along  with  the  benzoic  acid  is  an  aliphatic  amine  can  be 
judged  by  its  boiling  point,  index  of  refraction,  and  elementary  analysis.  In  order  to  determine  whether  this  Is  a 
saturated  amine,  we  undertook  the  synthesis  of  tliis  amine  in  the  case  of  y -pipcridinopropylcyclopentane  (VI). 
l-Etliynyl-l-cyclopentene  was  submitted  to  the  Mannich  reaction  with  paraform  and  piperidine;  we  obtained  the 
Mannich  base  (VII)  which  was  hydrogenated  to  the  saturated  amine  (VI). 
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Comparison  of  the  melting  points  of  die  hydrochlorides  of  the  resulting  products  showed  that  as  a  result  of 
hydrogc nolysis  during  hydrogenation  of  die  benzoates  of  die  acetylenic  amino  alcohols  there  was  formed  a  mixture 
of  unsaturated  and  saturated  amines,  from  wliich  die  latter  could  be  isolated  and  purified. 

We  should  say  diat  in  distinction  from  the  esters  of  vinylacetylenic  alcohols  [3]  the  esters  of  a -acetylenic 
alcoliols  hydrogenate  sharply  to  esters  of  a-ethylenic  alcohols;  hydrogenolysis  is  not  found  in  diis  case.  Thus, 
selective  hydrogenation  of  1-ediynyl-l -cyclopentanol  benzoate  (Vlll)  gave  S4'lo  1 -vinyl- 1-cyclopentanol  (IX). 

In  the  reaction  products  not  even  a  trace  of  benzoic  acid  was  observed.  Reduction  of  the  fatty  aromatic  acetylenic 
amino  alcohols,  according  to  some  of  the  literature  data,  is  accompanied  by  hydrogenolysis  at  the  C  — N  bond 
[4],  In  most  cases  the  audiors  did  not  succeed  in  isolating  the  corresponding  cthylenic  and  saturated  amino  alcohols. 

We  studied  the  hydrogenation  of  acetylenic  amino  alcohols  in  the  example  of  dimethyl- y -piperidinopropynyl 
carbinol  (X),  mctliylcthyl-y  -piperidinopropynyl  carbinol  (XI),  1-y  -piperidinopropynyl- 1-cyclopentanol  (XII), 
and  1-y  -piperidinopropynyl- l-cyclohexanol  (XIll).  Hydrogenation  was  carried  out  on  the  bases  and  on  the  hydro¬ 
chlorides.  In  all  cases  we  hydrogenated  with  hydrogen  at  normal  pressure  in  the  presence  of  a  Pd/ DaS04  catalyst 
which  was  very  selective,  and  found  a  sliarp  change  in  the  rate  of  hydrogenation  in  passing  from  the  triple  bond 
to  die  double  (70-25  ml/  min).  When  hydrogenation  was  stopped  after  absorption  of  1  mole  of  hydrogen  per 
1  mole  of  hydrogenated  product,  we  obtained  a  yield  of  8IJ7<»  of  the  corresponding  trans-ediylenic  amino  alcohol. 
Widi  full  hydrogenation  we  obtained  SO-OOVo  of  the  corresponding  saturated  amino  alcohol. 
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In  no  case,  either  on  hydrogenation  of  lire  base  or  the  hydrochloride  of  the  acetylenic  amino  alcoliols, 
was  hydrogenolysis  found.  The  constants  and  analyses  of  the  cthylenic  and  saturated  amino  alcohols  arc  given 
In  Tables  1  and  2. 

We  should  say  that  none  of  the  resulting  amino  alcohols,  tltc  ethylcnic  (XIV-XVII)  and  the  saturated  (XVIII- 
XXI),  like  tlie  original  acetylenic  (X-Xlll),  could  be  cstcrificd.  Thus,  for  example,  dimethyl-y -piperidino- 
propynyl  carbinol  (X)  and  1-)  -pipcridinopropynyl-1-cyclopctitanol  (XII),  wliich  were  obtained  by  saponification 
of  their  acetates  or  benzoates  [1],  were  used  in  an  attempt  to  cstcrify,  with  acetic  and  benzoic  anhydrides,  benzoyl 
chloride  at  20*  and  130*,  and  the  action  of  benzoyl  chloride  on  tlie  Mgl-alcoholatcs  of  the  alcohols  resulted  in 
preliminary  reaction  of  the  alcoliols  with  CH3MgI.  In  all  cases  the  starting  alcohol  was  recovered.  That  these 
were  not  dehydration  products  was  indicated  by  the  Chugaev-Tscrevitinov  reaction  and  the  ultraviolet  spectra  of 
these  cotnpounds;  they  had  no  maxitnum  in  the  region  200-480  m|i,  while  the  dehydration  product  of  1-y-plperl- 
dinopropynyl-l-cyclopcntanol  (XII),  1-y -pipcridinopropynyl-l-cyclopentonc  (VII)  had  225  m  p  ,  c  1020. 

EXPERIMENTAL 

Dimctliyl-)' -pipcridinopropenyl  carbinol  benzoate  (II).  A  solution  of  15  g  of  the  hydrochloride  of  dimethyl- 
y -pipcridinopropynyl  carbinol  Ixmzoate  (1)  (tn.  p.  135-137*)  in  50  tnl  of  anhydrous  alcohol  was  shaken  in  a  stream 
of  hydrogen  in  the  presence  of  1  g  of  G%  Pci/ BaS04  (tlie  catalyst  was  used  five  times).  After  two  hours,  1050  ml 
of  hydrogen  had  beeti  absorlied  (calculated  for  tlie  hydrogenation  of  one  bond,  1045  ml  of  Hj).  The  catalyst  was 
filtered  off  and  the  alcohol  was  distilled  off  in  a  vacuum.  To  tlte  residue  was  added  75  ml  of  soda  solution  and 
the  supernatant  oil  was  extracted  with  ether.  After  acidification  of  the  soda  solution,  1.5  g  {2(f!o)  of  benzoic 
acid  precipitated.  The  ether  extract  was  dried  over  magnesium  sulfate.  Vacuum  distillation  at  2.7  mm  gave 
the  fractions:  1st,  up  to  GO*,  n^D  1.4654,  1.5  g  (2'f/o);  2nd,  60-150*,  0.5  g;  3rd,  160-162*,  n*°D  1.5179,  6  g; 
residue  0.7  g. 

The  third  fraction  was  dissolved  in  75  ml  of  absolute  ether  and  the  solution  was  saturated  with  dry  hydrogen 
chloride.  The  crystals  which  precipitated  were  twice  recrystallized  from  a  mixture  of  acetone  and  alcohol 
(10:  1).  We  obtained  3.3  g  (21.fr/o)  of  dimctliyl -y  -pipcridinopropenyl  carbinol  benzoate  (II)  hydrochloride  with 
m.  p.  154.5-155.5*. 

Found  %:  N  4.40,  4.41.  CiglljfiOzNCl.  Calculated  N  4,33. 

Dimethyl- y -pipcridinopropcnylcarbinol  benzoate  liydrochloride  (4,4  g  from  two  experiments)  was  de¬ 
composed  by  a  saturated  soda  solution  which  was  cxuacted  with  ctlier.  The  ether  extract  was  dried  over  magne¬ 
sium  sulfate.  By  distillation  we  obtained  2.7  g  of  dimctliyl- y -pipcridinopropcnylcarbinol  benzoate  (II). 

B.  p.  145-146*  (2.3  rnm),  ti*°D  1.5225,  d^jo  1.034,  MRp  84.70;  calculated  84.65. 

Found‘7or  N  5.10,  5.17.  CiglljsOjN.  Calculated  "/o;  N  4.88. 

Dimcthyl-y  -pipcridinopropcnylcarbinol  (XIV).  To  a  solution  of  0.52  g  of  potassium  hydroxide  in  7  ml  of 
alcoliol  and  0.5  ml  of  water  was  added  1  g  of  dime tliyl-y -pipcridinopropcnylcarbinol  benzoate  (II)  hydrochloride 
and  the  mixture  was  heated  for  two  hours  at  90-95*.  The  alcohol  was  distilled  off  in  a  vacuum,  the  residue  was 
dissolved  in  5  ml  of  water  and  was  exu-acted  with  ether.  The  ctJicr  solution  was  dried  over  potash  and  saturated 
witli  dry  hydrogen  chloride;  the  crystals  which  precipitated  were  filtered  off  and  recrystallized  from  a  mixture 
of  acetone  and  alcohol  (10  :  1).  We  obtained  0.45  g  of  dimctliyl- y -pipcridinopropenyl  carbinol  (XIV)  hydro¬ 
chloride  with  m.  p.  183-184*.  A  sample  mixed  with  the  hydrocliloride  of  the  alcohol  obtained  by  selective 
hydrogenation  of  dimctliyl- y -pipcridinopropynyl  carbinol  (X)  gave  no  depression  of  the  melting  point  (Table  1). 

Complete  hydrogenation  of  dimcthyl-y -pipcridinopropynyl  carbinol  benzoate  (I)  hydrochloride.  A  solu¬ 
tion  of  11.5  g  of  dimethyl- y  -  pipcridinopropynyl  carbinol  benzoate  (1)  hydrochloride  in  50  ml  of  alcohol  was 
shaken  in  a  stream  of  hydrogen  in  the  presence  of  0.7  g  of  Pd/  BaSO^.  There  was  absorption  of  1610  ml  of  hydro¬ 
gen  (the  amount  required  by  calculation  for  the  hydrogenation  of  two  bonds).  The  catalyst  was  filtered  off  and 
the  alcohol  was  distilled  off  in  a  vacuum.  The  residue  was  dissolved  in  a  soda  solution  and  the  floating  oil 
was  extracted  with  ctlicr.  After  acidification  the  soda  solution  gave  2.1  g  (4870)  of  benzoic  acid.  The  ctlier 
solution  was  dried  witli  magnesium  sulfate.  On  distillation  in  a  vacuum  it  gave  2.8  g  (46.570)  of  2-methyl-5- 
piperidinopentane  (III). 
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B.  p.  63-65*  (3  mm),  n*°D  1.4651,  d”io  0.8511,  MR^  54.91;  calculated  54.74 

Found  N  8.08,  8.25.  CijHjjN.  Calculated ‘T’o;  N  8.27. 

Wc  also  obtained  a  fraction  with  b.  p.  150-1G0*  (3  mm),  1.7  g,  which  we  could  not  separate  into  individual 
products. 

l-y -Pipcridinopropcnyl-l-cyclopcntanol  benzoate  (V).  A  solution  of  6  g  of  1-y -piperidinopropynyl-l - 
cyclopenianol  l)cnzoaie  (IV)  hydrochloride  in  80  ml  of  anhydrous  alcohol  was  shaken  in  a  stream  of  hydrogen  in 
ilic  presence  of  0.7  g  of  Pd/ BaS04.  After  seven  liours  455  ml  of  hydrogen  had  been  absorbed  (theoretical  for  one 
bond  was  435  ml  of  hydrogen).  After  tlie  usual  treatment  wc  obtained:  1)  0.6  g  (18‘yo)  of  y -piperidinopropylcyclo- 
pcntanc  (VI)  with  b.  p.  84-86*  (1.5  mm),  n*°D  1.4941  and  a  hydrochloride  which  melted  at  180-182*  (from  acetone); 
0.4  g  of  the  hydrochloride  in  20  ml  of  alcohol  was  shaken  in  a  stream  of  hydrogen  in  the  presence  of  Pd/BaS04  for 
2.5  hours.  Absorptioti  of  hydrogen  did  not  occur.  The  recovered  hydrochloride  melted  at  180-182*.  2)  1.2  g 
(22.5^0)  of  1-y -pipcridinopropenyl-l-cyclopcntanol  benzoate  (V)  witli  b.  p.  146-147*  (1.5  mm),  n*°D  1.5430;  its 
hydrochloride  melted  at  176-177*. 

Found*7o;  N  4.18,  4.29.  CjoHzgOjNCl.  Calculated  N  4.00. 

3)  We  recovered  1.1  g  of  starting  1-y-piperidinopropynylcyclopentanol  benzoate  (IV)  with  b.  p.  176-178* 

(1.5  mm),  n*®U  1.5388.  We  also  obtained  0.4  g  (18.270)  of  benzoic  acid. 

1-y -Piperidinopropcnyl-l-cyclopentanol  (XVI).  An  alcohol  solution  of  1.0  g  1-y  -piperidinopropcnyl-l- 
cyclopcnianol  benzoate  (V)  and  0.23  g  of  potassium  hydroxide  were  heated  two  hours  on  a  water  bath  at  70*.  The 
alcoliol  was  distilled  off;  the  residue  was  dissolved  in  water  and  extracted  with  ether.  The  ether  solution  was  dried 
with  magnesium  stilfatc  atid  saturated  with  dry  hydrogen  chloride.  We  obtained  0.3  g  of  1-y -pipcridinopropcnyl-1- 
cyclopcntanol  (XVI)  hydrocliloridc  witlt  m.  p.  188.5-189*  (from  a  mixture  of  acetone  and  alcohol).  A  sample 
mixed  with  the  hydrochloride  of  the  alcohol  obtaitied  by  selective  hydrogenation  of  1 -y -piperidinopropynyi-l- 
cyclopcntanol  (Xll)  melted  at  189-189.5*  (Table  1). 

Complete  hyclror.enation  of  1-y  -niperidinopropvnvl-l-cyclopentanol  benzoate  (IVl  hydrochloride.  A  solution 
of  1.6  g  of  1-y  -piperidinoptopynyl- 1-cyclopcntanol  benzoate  (IV)  hydrocliloridc  in  20  ml  of  anliydrous  alcoliol  was 
shaken  in  a  stream  of  liydrogcn  in  the  presence  of  0.2  g  Pd/BaS04.  After  nine  hours  230  ml  of  hydrogen  had  been 
absorbed  (for  two  bonds  228  ml  of  was  required).  After  the  usual  treatment  wc  obtained:  1)  0.6  g  (,G2^!o)  of 
y -piperidinopropylcyclopentanc  (VI)  with  b.  p.  74.5-7G*  (1.0  mm),  i/°D  1.4932;  its  hydrochloride  melted  at 
180-182*;  2)  0.15  g  of  a  mixture  of  benzoates  with  b.  p.  138-140*  (1  mm),  n*°D  1.5032;  3)  0.38  g  (70‘7<^  of 
benzoic  acid  wiili  m.  p.  120-121*. 

1-y  -  Piperiditiopropy  ny  1  - 1  -cyclopcntcne  (VII).  A  solution  of  13  g  of  1-ciliynyl-l-cyclopentene,*  12.7  gof 
pataform,  and  36  g  of  piperidine  iti  50  ml  of  dry  dioxanc  was  heated  for  30  hours  on  a  water  bath.  Then  45  ml  of 
water  was  added,  the  organic  layer  was  cxuracied  with  etlier,  and  it  was  acidified  with  90  ml  of  lff7<J  hydrochloric 
acid.  The  acid  aqueous  layer  was  separated  from  the  ether  solution  of  neutral  products  and  was  neutralized  with 
40  ml  of  concentrated  ammonia.  The  base  which  precipitated  was  extracted  wiili  etltcr  and  dried  with  sodium 
sulfate.  After  distillation  of  tlie  ether  and  vacuum  distillation  of  the  product  wc  obtained  9.2  g  of  1-y -piperidi- 
nopropynyl-l-cyclopentcne  (VII)  as  a  clear,  colorless  liquid. 

B.  p.  115-117*  (3  mm),  n*®D  1.5252,  d”,o  0-9^0;  MR^  59.23;  calculated  59.24.  225  mp  ,  e  1020. 

Found  %:  N  7.52,  7.24.  C13H19N.  Calculated  N  7.40. 

We  isolated  from  die  etlier  extract  of  neutral  products  5.2  g  of  the  original  1-ethynyl-l-cyclopentene  with 
b.  p.  62-63*  (123  mm),  n*°D  1.4872.  The  yield  was  647o  based  on  the  reacting  1-ethynyl-l-cyclopentene. 

y  -Piperidinopropylcyclopcntane  (VI).  A  solution  of  5.3  g  of  1-y -pipcridinopropynyl-l-cyclopentene  in 
50  ml  of  alcohol  was  shaken  in  die  presence  of  0.8  g  of  Pd/  BaS04  under  a  hydrogen  pressure  of  30  atm.  There 
was  absorption  of  1750  ml  of  hydrogen  (theoretical  for  three  bonds  requires  1800  ml  H2;  if  we  carried  out  the 
hydrogenation  at  normal  pressure,  only  2/  3  of  the  calculated  amount  of  hydrogen  was  absorbed).  The  catalyst 


•  1-Ediynyl-l-cyclopentcne  was  obtained  by  dehydration  of  1-ethynyl-l-cyclopentanol  [5]  which  in  turn  was  ob¬ 
tained  by  condensation  of  acetylene  widi  cyclopcntanone  [6]. 


488 


was  filtered  off,  tlie  alcoliol  was  evaporated,  and  the  product  was  distilled  in  a  vacuum.  We  obtained  5  g  (91‘^>) 
of -piperidinopropylcyclopcntane  (VI)  with  b.  p.  92-94*  (2  mm),  n*®D  1.4925, 

Found N  7.41,7.38.  C13H25N.  Calculated  *70:  N  7.17. 

1- Vinyl-1 -cyclopentanol  benzoate  (IX).  An  alcohol  solution  of  6.8  g  of  1-ethynyl-l-cyclopentanol  benzo¬ 
ate  (VIII)  was  shaken  in  a  stream  of  hydrogen  in  the  presence  of  0.5  g  of  Pd/  BaSO^.  There  was  absorption  of  790  ml 
of  hydrogen  (according  to  the  calculation  for  hydrogenation  of  one  bond,  775  ml  of  was  needed).  The  catalyst 
was  filtered  off,  the  alcoltol  was  evaporated  in  a  vacuum,  the  oily  residue  was  treated  witli  a  saturated  soda  solu¬ 
tion  and  was  extracted  with  ether.  The  ether  extract  was  dried  with  sodium  sulfate.  After  distillation  of  the  etlier, 
tlte  product  crystallized.  Wc  obtained  5.5  g  (8470)  of  vinyl- 1 -cyclopentanol  benzoate  in  the  form  of  large  white 
crystals  with  m.  p.  51-51.5*  (from  ligroin).  Tlie  reaction  with  silver  nitrate  showed  the  complete  absence  of 
acetylenic  hydrogen.  No  benzoic  acid  precipitated  after  acidification  of  the  soda  solution  widi  concentrated 
sulfuric  acid. 

Dimethyl-y -pipcridinopropenyl  carbinol  (XIV).  A  solution  of  6.3  g  of  dimethyl-y  -piperldinopropynyl  cai- 
binol  hydrochloride  in  50  ml  of  anhydrous  alcohol  was  shaken  in  a  stream  of  hydrogen  in  tlie  presence  of  0.7  g  of 
07o  pd/BaS04.  After  nine  minutes,  660  ml  of  hydrogen  had  been  absorbed  (theoretical  for  hydrogenation  of  one 
bond  was  650  ml  of  Hj).  The  catalyst  was  filtered  off,  and  tlie  alcohol  was  distilled  in  a  vacuum.  The  remaiiiii^ 
product  was  recrystallized  from  a  mixture  of  alcohol  and  acetone  (1  :  1).  We  obtained  5.3  g  (84.5*7'’)  of  dltnethyl- 
y  -pipcridinopropenyl  carbinol  (XIV)  hydrochloride  with  m.  p.  183-184*.  A  sample  mixed  with  the  hydrochloride 
of  the  starting  alcohol  melted  at  168-178*. 

Founder  N  6.60,  6.65;  Cl  16.21.  CjiHiiONCl.  Calculated  N  6.38;  Cl  61.16. 

The  hydrochloride  was  decomposed  with  soda  solution  and  the  base  was  isolated  by  extraction  with  ether 
and  dried  over  magnesium  sulfate.  Distillation  gave  4.2  g  of  dirnethyl-y  -piperidinopropenyl  carbinol  (XIV).  In 
an  analogous  way  wc  obtained  methyletliylpiperidinopropenyl  carbinol  (XV),  1-y -piperidinopropcnyl-y -cyclo¬ 
pentanol  (XVI),  and  1-y  -piperidinopropenyl-l-cyclohexanol  (XVII).  Their  constants  arc  given  In  Table  1, 

Dimcthyl-y  -piperidinopropyl carbinol  (XVIII).  A  solution  of  5  g  of  dimethyl-y -piperldinopropynyl  carbinol 
(X)  hydrocliloride  in  50  ml  of  anliydrous  alcoliol  was  shaken  in  a  stream  of  hydrogen  in  tlie  presence  of  0.5  g  of 
6*70  pd/  BaS04.  There  was  absorption  of  1033  ml  of  hydrogen  in  45  minutes  (by  calculation,  1030  ml  of  Hj  were 
needed).  The  catalyst  was  filtered  off  and  washed  with  alcohol,  the  alcohol  was  distilled  in  a  vacuum  and  tlie  re¬ 
maining  product  was  recrystallized  from  a  mixture  of  alcohol  and  acetone  (1  :  1).  We  obtained  4.3  g  (85*7o)  of 
dimethyl-y-piperidinopropylcarbinol  (XVIII)  hydrochloride  with  m.  p.  179-180.5*.  A  sample  mixed  witli  the 
hydrochloride  of  the  starting  acetylenic  alcohol  melted  at  169-181*.  A  sample  mixed  with  the  hydrochloride  of 
die  etliylenic  alcohol  melted  at  156-164*. 

Found  *70:  N  6.30,  6.37;  Cl  15.85,  CUH24ONCI.  Calculated  *70:  N  6.32;  Cl  16.07. 

The  hydrochloride  was  converted  to  tlie  base,  whose  constants  are  given  in  Table  2. 

In  an  analogous  way  we  obtained  methylcthyl-y  -piperidinopropyl  carbinol  (XIX),  1-y  -  piperidinopropyl- 1- 
cyclopentanol  (XX),  and  1-y  -piperidinopropyl- 1 -eye  loliexanol  (XXI).  Their  constants  and  yields  are  given  In 
Table  2. 


SUMMARY 

1.  Selective  hydrogenation  of  the  benzoates  of  acetylenic  amino  alcohols  in  the  presence  of  Pd/  BaS04  Is 
accompanied  by  considerable  hydrogenolysis  at  the  C-O  bond.  The  benzoates  of  the  corresponding  cthylenic  amino 
alcohols  can  be  obtained  in  yields  of  about  297o. 

2.  In  full  hydrogenation  of  die  benzoates  of  acetylenic  amino  alcohols  there  is  50-7(^7o  hydrogenolysis. 

The  benzoates  of  die  saturated  amino  alcohols  cannot  be  obtained  thus. 

3.  Hydrogenation  of  a-acetylenic  amino  alcohols  in  the  presence  of  Pd/BaS04  occurs  very  selectively. 

Good  yields  are  thus  obtained  of  a-etliylenic  and  saturated  amino  alcohols. 

4.  Esterification  of  acetylenic,  ethylcnic,  and  saturated  amino  alcohols  which  contain  four  carbon  atoms 
between  die  nitrogen  and  the  alcoliolic  hydroxyl  cannot  be  carried  out. 
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Wc  showed  previously  that  1,1,3,3-tetrasubstituted  allyl  alcohols  and  primary  alcohols  or  substances  with 
primary  alcoholic  groups  formed  ethers  very  easily  [1-4].  The  reaction  takes  place  at  room  temperature  in  the 
presence  of  a  small  amount  of  dilute  sulfuric  acid. 

In  tlic  present  study  we  have  carried  out  etherification  of  2,4,7-trimethyT2-octcn-4-ol  (I)  with  primary 
monoatomic  alcohols  from  ethyl  to  amyl,  allyl,  benzyl,  and  also  etliylcnc  glycol  and  glycerol.  With  all  tlic  mono- 
atomic  alcoliols  of  die  aliphatic  scries  cilicrificaiion  is  rapidly  completed  and  the  yield  of  eUiers  is  high;  but  witli 
increased  molecular  weiglit  of  the  alcoliol,  die  yield  of  etlier  falls  markedly.  Benzyl  alcohol  gives  an  especially 
small  yield  of  ether.  Edierification  under  the  same  conditions  of  2,4,7-trimethyT2-octen-4-ol  with  ethylene 
glycol  and  glycerol  gives  only  monocthers. 

,  It  was  previously  sliown  that  in  die  etherification  of  some  homologs  of  2,4,7-trimcthyT2-octcn-4-ol  widi 
ethylene  glycol  there  was  formation  of  mono-  and  dicdicrs  at  the  same  time  [3].  The  reaction  of  the  same  alcohols 
with  glycerol  leads  to  dicdicrs,  and  in  the  case  of  2,4-dimethyT2-hcpten-4-ol  also  gives  die  monoethcr  of  glycerol 
[3]. 

In  the  present  investigation  we  have  obtained  the  following  ethers. 

*  •  ♦  '  •  CII3 

•  I 

Cll3C=--CIICCll2CH.^CIIClln 

III' 

CM3  OH  CII3 

(n)  n  =  rjt,:  (iii)  R=^r,n,-  (iv)  u -n (vi  u  =  n-r,ii,;  (vi)  R  =  iso-c,n,:  (vii)  r  =» 

=  iSO-Cittii;  (VlII)  R  =  C,H,;  ((\)  R  =  C,11,C11,;  (\)  R  =  Cll,01l<;il,;  (Xl)  R  =  C11,01ICU011C1I,. 

It  is  also  of  interest  to  carry  out  the  oxidation  of  2,4,7-trimethyT4-mcdioxy-2-octene  (II)  widi  an  aqueous 
solution  of  potassium  permanganate.  In  spite  of  the  presence  of  die  double  bond,  oxidation  of  this  ether  occurs 
very  slowly.  Among  die  neutral  reaction  products  which  are  volatile  with  steam  wc  have  established  the  presence 
of  acetone.  The  fraction  of  neutral  substances  which  is  not  volatile  with  steam  contains  a  large  amount  of  a  com¬ 
pound  widi  die  general  formula  C12H24O3.  It  has  an  active  hydrogen  and  a  carbonyl  group  and  is  a  keto  alcohol 
ether,  2,4,7-trimetliyT4-methoxyoctan-2-oT3-one  (XII). 

CII3 

I 

Cll3C(OM)COCCll2CM2CllCH3 

I  I  I 

CII3  OCII3  GH3 

(XII) 
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Characteristics  of  the  Ethers  Formed 
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This  substance  does  not  react  with  semicarbazide.  The  carbonyl  group  was  established  by  the  infrared  ab¬ 
sorption  spectrum.  The  spectrum  of  tJiis  substance  has  a  frequency  at  1685  cm‘^  wliich  in  this  case  corresponds 
to  the  C  =  0  group.  Some  decrease  in  the  oscillation  frequency  of  the  carbonyl  group  in  the  koto  alcohol  ether 
(XII)  evidently  depends  on  tlie  effect  of  tlte  hydroxyl  group  and  perhaps  on  the  formation  of  hydrogen  bonds  [5],  • 

Among  die  acids  we  showed  from  the  results  of  analysis  of  their  silver  salts  the  presence  of  acetic  and  2,5- 
dimcthyl-2-methoxyhexanoic  acids.  Acetic  acid  was  undoubtedly  formed  by  oxidation  of  acetone. 

We  should  remark  diat  the  keto  alcohol  ether  (XII)  is  oxidized  by  an  aqueous  solution  of  potassium  permanga¬ 
nate  in  a  neutral  medium  apparently  more  slowly  than  acetone,  and  the  product  of  its  oxidation  is  formic  acid,  • 
which  was  not  observed  among  the  volatile  acids.  The  reason  for  the  slow  oxidation  of  the  keto  alcohol  ether  (XII) 
may  be  either  its  poor  soltibility  in  water,  or  the  screening  of  the  C-C  bonds  of  the  carbon  atoms  of  the  carbonyl 
and  alcohol  groups  by  the  hydrogen  bond  formed  between  the  oxygen  and  the  hydrogen  of  tliese  groups.  We  hav< 
found  an  analogous  effect  in  the  oxidation  of  l-etlioxy-3*phenyl-2-butene  by  the  same  oxidant  [6]. 

EXPERIMENTAL 

2,4,7 -Trimethyl-l-octen-4-ol  (I)  was  obtained  from  isoatnylmagnesium  bromide  and  mesityl  oxide  [7]. 

B.  p.  65*  (1  mm),  n^D  1.4488,  d”^  0.8427,  MRjj  54.01;  calculated  54.05. 

The  ethers  of  2,4,7-trimethyl-2-octen-4-ol  were  obtained  in  an  analogous  way  to  the  ethers  of  its  homologs 
[1-3]  by  the  following  method.  To  10  g  of  alcohol  (I)  we  added  witli  stirring  20*25  g  of  the  primary  alcohol  and 
3-4  ml  of  sttlfuric  acid  (1  :  5).  For  tlie  preparation  of  ether  (VIII)  we  used  10  g  of  alcohol  (I),  15  g  of  allyl  alcohol, 
and  1.5  ml  of  H2SO4.  In  all  cases,  after  addition  of  the  sulfuric  acid  there  was  some  increase  in  temperature 
[usually  2-4*,  and  only  when  obtaining  etlicr  (U),  9*],  and  also  cloudiness,  because  of  formation  of  water, 
layering,  and  in  most  cases  a  change  in  color  from  yellow  to  orange  and  in  certain  cases,  to  brown.  The  water 
was  added  to  the  mixture,  the  upper  ether  layer  was  separated,  washed  with  water,  dried  over  magnesium  sulfate, 
and  distilled  in  a  vacuum.  The  physical  constants,  analytical  data,  and  yields  of  tlie  resulting  ethers  are  given 
in  the  Table. 

Oxidation  of  2,4,7-Trimeihyl-4-mcihoxy-2-octene  (II)  by  Potassium  Permanganate.  We  emulsified  10.3  g 
of  the  ether  in  100  ml  of  water  and  added  850  ml  of  a  'Sjo  solution  of  KMnO^.  Oxidation  proceeded  slowly,  and  only 
after  two  days  was  the  solution  almost  completely  decolored.  Final  reduction  of  the  permanganate  was  carried 
out  with  hydrogen  peroxide,  then  the  solution  was  saturated  with  carbon  dioxide,  potassium  carbonate  was  added 
to  an  alkaline  reaction,  and  the  oxidation  products  were  treated  in  the  usual  way.  Among  the  neutral  substances, 
volatile  with  steam,  we  showed  the  presence  of  acetone,  which  was  determined  according  to  Messingcr  [8]  in  the 
amount  of  0.511  g.  We  also  obtained  the  semicarbazone  with  m.  p.  186-188*.  A  mixed  m.  p.  with  the  seml- 
carbazone  of  acetone  sliowed  no  depression.  The  neutral  oxidation  products  which  were  not  volatile  with  steam 
were  poorly  soluble  in  the  filtrate,  and  therefore  were  partly  separated  before  distillation,  and  the  residue  was  ex¬ 
tracted  witli  etlier  after  distillation  of  the  neutral  volatile  reaction  products.  They  were  dried  over  MgSO^  and 
distilled  at  215-225*  (747  mm).  After  repeated  vacuum  distillation  we  obiaitied  2.5  g  of  a  colorless,  oily  liquid 
with  tlie  odor  of  isoamyl  alcohol.  This  substance  was  the  keto  alcohol  ether,  2,4,7-trimethyl-4-meihoxyoctan- 
2-ol-3-one  (XII). 

B.  p.  100-102*  (  3mm),  n*®D  1.4361;  d*°4  0.9325,  MRj^  60.58;  calculated  60.80. 

Found^:  C  66.89;  1111.05;  OH  7.58.  M  224.  C12H24O3.  Calculated  C  66.66;  H  1 1.11;  OH  7.86.  M216. 

The  solution  of  acid  salts  was  concentrated,  acidified  with  sulfuric  acid,  and  the  volatile  acids  were  distilled 
with  steam.  In  connection  with  die  fact  that  in  die  treatment  of  die  salt  solution  of  the  acids  we  observed  an  odor 
like  that  of  butyric  acid,  and  in  view  of  the  possibility  of  die  presence  of hydroxyisobuiyric  acid,  the  volatile  acids 
were  repeatedly  extracted  with  ether.  The  solution  was  dried  over  MgS04  and  after  removal  of  the  solvent  there 
remained  1.5-2  ml  of  yellow,  mobile  liquid  from  which  a  volatile  acid  distilled  up  to  106*.  The  residue  was 
treated  with  silver  carbonate.  A  pure  silver  salt  could  tioi  be  obtained,  since  on  concentration,  even  in  a  vacuum, 
there  was  strong  reduction  of  silver.  For  die  volatile  acids  we  obtained  diree  fractions  of  silver  salts. 


•The  spectrum  was  photographed  on  an  IKS -11  spectrometer  by  I.  F.  Gurinovich  to  whom  we  express  our  dianks. 
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First  fraction.  Found  7o;  Ag  64.38.  Second  fraction.  Found  Ag  64.30.  Third  fraction.  Found 
Ag  63.98.  CjHaOjAg.  Calculated ‘yo;  Ag  64.64. 

From  the  aqueous  residue  after  removal  of  die  volatile  acids  we  exuacted  the  nonvolatile  acids  with  ether, 
and  after  distillation  of  the  ether  we  treated  tliem  with  Ag2C03.  We  obtained  a  fraction  of  silver  salt  of  a  white 
color  after  evaporation  of  the  solution  without  heating. 

Found  *70:  Ag  38.S6.  C9Hj703Ag.  Calculated  *70:  Ag  38.39. 

SU  MMARY 

1.  We  have  carried  out  etherification  of  2,4,7-trimcthyl-2-octcn-4-ol  with  methyl,  ethyl,  n-propyl, 
n-butyl,  isobiityl,  isoainyl,  allyl,  and  benzyl  alcdiols,  etliylene  glycol,  and  glycerol. 

2.  Wc  have  obtained  ten  etlicrs  not  described  in  the  literature  which  have  a  double  bond  in  the  allyl  position. 
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THE  PREPARATION  OF  (+ )  -  3  -  V I N  Y  LQU  I  NUC  L I  DINE  -  8 - 
CARBOXYLIC  ACID 

R.  P.  Evstigneeva,  Ch*en  Ch*ang-pai,  and  N.  A.  Preobr a zhe nskii 
Moscow  Institute  ofFine  Chemical  Technology 

Translated  from  Zhiirnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  473-476, 

February,  1960 

Original  article  submitted  February  4,  1950 


All  the  quinine  alkaloids  contain  the  quinuclidine  grouping  In  their  structure,  but  Its  stability  with  respect 
to  oxidants  differs  in  different  forms.  The  quinuclidine  grouping  found  in  the  molecule  of  quinine,  cinchonine, 
and  other  quinine  alkaloids  with  a  quinoline  structure  is  easily  broken,  in  tlie  oxidation  of  quinine  by  chromic 
acid  along  with  quininlc  acid  there  is  obtained  a  mixture  of  substances,  meriquininc,  cincholoiponlc  acid,  and 
other  products  of  rtiptiire  of  the  quinuclidine  ring.  On  the  other  hand,  the  quinuclidinic  grouping  in  quinine  alkaloids 
with  an  indole  structure  is  more  stable.  In  the  oxidation  of  cinchonaminc  and  quinamine  by  chromic  acid  (+)-  and 
(-)-3-vinyl-8-quinuclidinccarboxylic  acids  were  obtained  [1,  2], 

We  have  studied  tlic  possibility  of  obtaining  (4)-3-vinyl-8-quinuclidinecarboxyllc  acid  from  quinine.  Positive 
results  were  obtained  by  the  use  of  the  Beckmann  rearratigcmcnt  of  quininone  oxime. 

The  preparation  of  (+)-3-vinyl-8-quinuclidinecarboxyllc  acid  and  its  ethyl  ester  was  carried  out  by  the 
following  scheme; 


(lUbl  (V) 


(-)-Oiiininc  purified  from  diliydroquinine  [3]  was  oxidized  to  (♦)-quininonc  [4].  In  the  reaction  of  quininone 
with  hydroxylaminc  in  an  alkaline  solution  we  obtained  an  amorphous  powder  of  tlie  mixture  of  stcrcoisomcric 
oximes  (III,  a  and  b).  A  crystalline  substance  was  obtained  by  recrystallization  from  acetone.  The  ultraviolet 
and  infrared  spectra  of  tlie  oximes  are  given  in  Figs.  1  and  2.  As  a  result  of  the  Beckmann  rearrangement,  carried 
out  in  die  presence  of  benzenesulfonyl  chloride  and  later  esterification,  we  obtained  from  the  mixture  of  stereo- 
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I'lg.  1.  Ultraviolet  absorption  spectrum  of 
qulninoiic  oximes  in  alcohol.  1)  Amorphous 
oxime;  2)  crystalline  oxime  with  m.  p. 
176-176.5*. 


isomeric  oximes  the  ethyl  ester  of  3-vinyl-8-qulnu- 
clidinccarboxylic  acid  (V,  R  =  CjH5)  and  quininic 
acid  (IV,  R  —  CjIIs).  We  also  obtained  both  esters 
from  the  crystalline  oxime.  The  infrared  spectrum 
of  the  ethyl  ester  of  3-vinyl-8-quInuclidinecarboxylic 
acid  (V,  R^CjUs)  is  given  in  Fig.  3.  When  it  stands 
witli  water,  the  ester  is  hydrolyzed  with  formation  of 
(4)-3-vinyl-8-quinuclidinecarboxylic  acid  (V,  R  =  U), 
which  agrees  in  its  properties  with  the  acid  obtained 
from  oxidation  of  quina mines. 

EXPERIMENTA  L 

Quininonc  oximes  (III).  We  dissolved  60.8  g  of 
quininone  (m.  p.  104-105')  and  30.4  g  of  hydroxyl- 
amine  hydrochloride  in  400  ml  of  alcohol  and  added 
90  ml  of  a  aqueous  solution  of  sodium  hydroxide. 


mo  3000  mo  im  noc  non  nm  qoo  boo  cm-i 


Fig.  2.  Infrared  spectrum  of  oximes.  1)  Amorphous  oximes; 
2)  crystalline  oximes. 


mo  3000  3000  1500  1300  1100  1000  300  SOO  700 cm~^ 


Fig.  3.  Infrared  spectrum  of  ethyl  ester  of  (+)-3-vinyl-8- 
quinuclidinccarboxylic  acid. 


The  mixture  was  heated  for  75  minutes  on  a  water  bath.  The  alcohol  was  distilled  off  in  a  vacuum  and  the  re¬ 
sidue  was  dissolved  in  GOO  ml  of  SVo  aqueous  sodium  hydroxide.  Carbon  dioxide  gas  was  passed  into  the  alkaline 
solution.  The  resulting  amorplious  precipitate  of  tlie  oximes  was  separated,  washed  with  water,  and  dried.  The 
yield  was  60.6  g  (057o).  M.  p.  90-113*.  The  resulting  mixture  of  isomeric  quininonc  oximes  was  purified  by  two 
methods. 

1)  We  dissolved  30.3  g  of  tlte  mixture  in  30  ml  of  S7o  aqueous  sodium  hydroxide  solution  and  precipitated 
with  carbon  dioxide.  Yield  27.3  g  (OOVo). 

M.  p.  110-113*,  (af®D+60*  (c  1,  alcohol). 

Found‘d:  C  71.22,  70.97;  11  6.89,  6.57;  N  12.57,  12.49.  CjoHjaOjNa.  Calculated C  71.20;  116.87; 
N  12.46. 
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2)  We  recrystallized  30.3  g  of  the  mixture  from  acetone.  Colorless,  needle  shaped  crystals.  Yield  9.1  g 
(30.4%). 

M.  P.  176-176.5*,  fof®D +06*  (c  1,  alcohol). 

Found  7«:  C  71.47,  71.27;  H  7.10,  6.84;  N  12.83,  12.36.  C2oH„0,Nj.  Calculated  7o;  C  71.20;  H  6.87; 

N  12.46. 

Ethyl  ester  of  3-vinyl-R-qiJinuclidinccarboxylic  acid,  a)  To  71.4  g  of  quininone  oxime  (m.  p.  110-113*) 

In  560  ml  of  57o  aqueous  sodium  hydroxide  solution  wc  added  in  the  course  of  one  hour  49.9  g  of  benzcnesulfonyl 
chloride,  with  energetic  stirring.  Stirring  was  continued  for  lialf  an  hour  more.  A  red-orange  oily  precipitate 
came  down  which  was  extracted  with  400  ml  of  chloroform.  The  extract  was  washed  witli  a  dilute  solution  of 
sodium  hydroxide  and  then  water,  and  was  dried  with  sodium  sulfate.  The  chloroform  was  distilled  In  a  vacuum 
and  the  residue  was  treated  with  a  solution  of  117  g  of  potassium  hydroxide  in  200  ml  of  methyl  alcohol  and  88  ml 
of  water.  The  mixture  was  heated  for  44  hours  at  100-105*.  The  alcohol  was  distilled  off  in  a  vacuum,  the  residue 
was  dissolved  in  400  ml  of  water  and  extracted  with  benzene.  The  water  solution  was  neutralized  with  hydrochloric 
acid  to  pH  7.  The  resulting  precipitate  was  separated  and  tlie  filtrate  was  concentrated  in  a  vacuum.  The  residue 
was  extracted  with  hot  anhydrous  alcohol.  The  solvent  was  distilled  off  in  a  vacuum.  To  tl>c  residue  was  added 
350  ml  of  anltydrous  alcoliol  which  contained  87o  hydrogen  chloride.  The  mixture  was  allowed  to  stand  at  room 
temperature  for  24  hours.  The  alcohol  was  distilled  off  in  a  vacuum,  and  the  residue  was  again  treated  with 
350  ml  of  57o  alcoholic  solution  of  hydrogen  chloride.  After  standing  for  12  hours,  the  alcohol  was  distilled  off 
in  a  vacuum,  the  residue  was  dissolved  in  water  and  neutralized  witli  cooling  by  a  saturated  solution  of  potash, 
and  extracted  with  ether  (200  ml).  After  drying  witli  sodium  sulfate,  the  solvent  was  removed  and  the  residue  was 
distilled. 

The  first  fraction  was  tlie  ctliyl  ester  of  3-vinyl-B-quinuclidinecarboxylic  acid.  Colorless,  mobile  liquid, 
easily  soluble  in  alcohol,  benzene,  and  ether,  poorly  soluble  in  water.  Yield  6.52  g  (14.fi%). 

B.  p.  80-82*  (0.5  mm),  d”^  1.0280,  n*°D  1.4850,  MRjj  58.35;  calculated  58.34.  [af‘'®D +  69.58*  (c  1.006, 
957<»  alcdiol). 

Found 7<>:  C  68.64,  68.92;  11  9.07,  H  9.08;  N  6.78,  6.76.  ChHijOjN.  Calculated  7o:  C  68.89;  H  9.15; 

N  6.69. 

The  second  fraction  was  the  ethyl  ester  of  quininic  acid,  a  light  yellow,  viscous  oil  which  easily  crystallized. 
Yield  2.5  g  (5.1%).  B.  p.  138-142*  (0.5  mm).  After  recrystallization  from  benzene,  colorless  needles  with  m.  p. 
66-68*. 

Found  7o:  C  67.58,  67.77;  115.71,5.70;  N  6.34.  CijHijOaN.  Calculated  7o:  C  67.51;  H  5.67;  N  6.06. 

b)  From  24.2  g  of  oxime  (m.  p.  176-176.5*)  by  the  method  described  above  we  obtained  1.0  g  (6.ST!/o) 
of  the  ethyl  ester  of  3-vinyl-8-quinuclidinecarboxylic  acid  and  0.70  g  (4.27o)  of  the  ethyl  ester  of  quininic  acid, 

3-Vinyl-8-quinuclidinccarboxylic  acid.  We  allowed  0.31  g  of  the  etliyl  ester  of  3-vinyl-8-quinuclldlne- 
carboxylic  acid  and  10  ml  of  water  to  stand  at  room  temperature  for  ten  days.  The  ester  gradually  dissolved. 

The  water  was  distilled  off  in  a  vacuum.  The  residual  water  was  removed  by  addition  and  distillation  of  benzene 
in  a  vacuum.  The  acid  was  twice  recrystallized  from  chloroform.  Yield  0.18  g  (67.27<»).  The  acid  was  isolated 
in  the  form  of  colorless,  hydroscopic  crystals,  easily  soluble  in  alcohol  and  water,  less  so  in  chloroform,  not  so¬ 
luble  in  ether. 

M.  p.  204-206*,  [a]**-'*  D+56.2*  (c  1.067,  chloroform). 

Found  C  65.87,  66.30;  H  8.03,  8.56;  N  7.78.  CjoHisOiN.  Calculated  %:  C  66.27;  H  8.34;  N  7.73. 

SU  MMARY 

We  have  worked  out  a  new  mctliod  for  preparing  (+ )-3-vinyl-8-quinuclidinecarboxylic  acid  from  quinine 
through  quininone  and  its  oxime  using  die  Beckmann  rearrangement. 
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STUDIES  IN  THE  ISOQUINOLINE  COMPOUND  SERIES 

XVI.  THE  SYNTHESIS  OF  4’, 5’-DIMETHOXY-6-METHYL-7-(l ’-METHYL-  . 

6",7--DIMETHOXY-l".2".3*.4"-TETRAHYDROISOOUINOLYL)-3,4,5,6,7,8- 

HEXAHYDRODENZ-(l,2:l*,2’)-QUINOLIZINE 


Khon-Dyun,  R.  P.  Evstigneeva,  and  N.  A.  Preobrazhenskil 
Moscow  Institute  of  Fine  Chemical  Technology 

Translated  from  Zhurnal  Obshchei  KhImil,  Vol.  30,  No.  2,  pp.  476-479, 

February,  1960. 

Original  article  submitted  February  23,  1959 

For  the  purpose  of  a  more  detailed  investigation  of  the  effect  of  the  separate  structural  elements  of  the 
alkaloid  emetine,  and  particularly,  of  the  character  and  position  of  the  C -alkyl  groups  on  the  physiological 
activity,  we  have  carried  out  a  series  of  syntheses  of  its  analogs  [1,  2].  The  subject  of  the  present  communication 
is  tlie  synthesis  of  4’,5*-dimethoxy-6-methyl-7-(l’-meihyl-6",7*-dimethoxy-l’,2",3*,4"-tetr.ahydrolsoqulnolyl)- 
3,4,5,6,7,8-hexahydrobenz-(l,2  l’,2’)-quinolizIne  (Vll),  which  differs  from  the  alkaloid  emetine  by  the  presence 
of  a  methyl  group  instead  of  eiliyl  on  C^: 
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The  methyl  ester  of  6 -(a’-cyano*  a'-carbeihoxy)-eihylglutaric  acid  (I)  was  obtained  from  the  methyl 
ester  of  B -(cyanocarbeihoxy)-mcthylglutaric  acid  used  in  the  synthesis  of  the  alkaloid  emetine  [3,  4]  by  treat¬ 
ment  witli  nictliyl  iodide  in  the  presence  of  sodium  methylate.  After  saponification  and  decarboxylation  we  iso¬ 
lated  the  methyl  ester  of  fl-(a  *-cyano)-cthylgliitaric  acid  (II).  In  the  catalytic  hydrogenation  of  compound  (II) 

In  the  presence  of  homovcratrylaminc  we  obtained  piperidone  (III).  Cyclization  of  piperidone  (III)  with  phosphorus 
oxychloride  follov/ed  by  reduction  of  the  chloride  of  the  quaternary  base  led  to  the  methyl  ester  of  4',5'-dimethoxy- 
6-mcthyl-3,4,5,r),7,8-hcxahydrobcnz-(l,2:l ',2')-quinoli7.yl-7-acetic  acid  (IV).  Heating  (IV)  with  homovcratryl¬ 
aminc  gives  tlie  amide  (V).  After  cyclization  of  tlie  amide  (V)  with  phosphorus  oxychloride  we  isolated  tlie  di- 
hydroisoquinolinc  derivative  (VI)  whose  reduction  led  to  the  emetine  analog  (VII). 

EXPERIMENTAL 

1.  Methyl  ester  of  6 -(q  *-cyano-a  *-carbethoxy)-ethylglutaric  acid  (I).  7”o  a  solution  of  sodium  methylate 
obtained  from  6.08  g  of  metallic  sodium  and  121.6  ml  of  anhydrous  mctliyl  alcohol  was  added  68  g  of  the  methyl 
ester  of  6 -(cyanocarbcthoxy)-mcthylglutaric  acid  and  71.2  g  of  methyl  iodide.  The  mixture  was  heated  for  three 
hours.  After  cooling,  tlie  alcohol  was  distilled  in  a  vacuum  and  30  ml  of  water  was  added  to  the  residue.  The  oil 
which  separated  was  extracted  witli  ether.  The  solvent  was  distilled  off  and  the  residue  was  fractionated.  Yield 
55.9  g  (IG.B  fIo). 

B.  p.  162-163*  (2  mm),  d*'’^  1.1844,  n”D  1.4620,  MRd  66.21;  calculated  67.01. 

Found C  54.76;  H  6.74;  N  4.93.  CjsHjsOeN.  Calculated  *70;  C  54.72;  H  6.71;  N  4.90. 

2.  Mctliyl  ester  of  B  -( o(*-cyano)-cthylgltitaric  acid  (II).  To  a  solution  of  sodium  methylate  obtained  from 
1.21  g  of  metallic  sodium  and  26.7  ml  of  anliydrous  methyl  alcohol  was  added  15  g  of  tlie  methyl  ester  of  6-(a'- 
cyano-o  *-carbcihoxy)-cihylglutaric  acid  and  0.96  ml  of  water  and  the  mixture  was  allowed  to  stand  for  12  hours. 
Then  it  was  heated  for  one  hour  on  a  water  bath.  The  excess  alcohol  was  distilled  off  in  a  vacuum.  The  residue 
was  dissolved  in  12  ml  of  water.  The  unsaponified  uicarboxylic  ester  was  removed  with  ether.  The  water  layer 
was  acidified  v/iili  hydrochloric  acid  and  was  extracted  with  etlier.  After  distillation  of  the  solvent,  the  residue 
was  heated  in  a  vacuum  at  180*  for  45  minutes,  and  then  distilled.  Yield  6.7  g  (59.707o). 

B.  p.  126-127*  (2  mm),  d”^  1.1360,  n”D  1.4489,  MRd  50.32;  calculated  50.50. 

Found'’/):  C  56.04;  H7.11;  N  6.35.  C10H15O4N.  Calculated  C  56.32;  H  7.09;  N  6.57. 

3.  Methyl  ester  of  N-[6 -(3, 4-dimethoxyplienyl)-cthyll- 6  -  mcthyl-a -piperidone- y -acetic  acid  (III).  T 
g  of  the  methyl  ester  of  6 -(a '-cyano)-etliylglutaric  acid  and  30  g  of  homoveratrylamine  in  27  ml  of  anliydrous 
metliyl  alcoliol  were  hydrogenated  in  the  presence  of  3  g  of  skeletal  nickel  catalyst  at  130  atm  and  116*  for  two 
hours.  The  catalyst  was  separated  and  the  alcohol  was  distilled  off  in  a  vacuum.  The  residue  was  dissolved  in 
benzene  and  washed  with  fl’/o  hydrochloric  acid  to  remove  die  excess  homovcratrylaminc,  and  then  with  a  solution 
of  sodium  bicarbonate.  After  distillation  of  tlie  solvent  the  residue  was  distilled.  Yield  4.5  g  (27.37<)).  B.  p.  198- 
204*  (0.1  mm). 

Foimd'T):  C  65.47;  117.61;  N  4.00.  CigHjjOjN.  Calculated*/):  C  65.38;  H  7.78;  N  4.00. 

4.  Mediyl  ester  of  4',5’-dimctlioxy-6-mediyl-3,4,5,6,7,8-hexahydrobenz-(l,2:l*,2')-quinolizyl-7-acetic 
acid  (IV).  A  solution  of  2.5  g  of  the  methyl  ester  of  N-[B -(3*, 4’-dimcthoxyphcnyl)-ediyl]-6 -methyl- a-piperidon- 
y  -acetic  acid  in  38  ml  of  anliydrous  toluene  was  heated  with  9  ml  of  phosphorus  oxychloride  to  light  boiling  for 
one  hour.  The  toluene  and  excess  phosphorus  oxychloride  were  distilled  off  in  a  vacuum,  and  the  residue  was 
repeatedly  washed  with  absolute  ether,  and  then  was  dissolved  in  6.5  ml  of  (fjo  hydrochloric  acid.  After  the  hydro¬ 
chloric  acid  had  been  distilled  off,  the  residue  was  dissolved  in  10  ml  of  anliydrous  methyl  alcohol  and  treated 
witlt  an  alcoholic  solution  of  ammonia.  The  residue  of  inorganic  salt  was  filtered  off.  The  alcoholic  solution  of 
the  chloride  of  the  quaternary  base  was  hydrogenated  in  the  presence  of  2  g  of  skeletal  nickel  catalyst  at  65"  and 
130  atm  for  two  hours.  The  catalyst  was  removed,  tlie  alcohol  was  distilled  off  in  a  vacuum,  and  the  residue  was 
dissolved  in  11.5  ml  of  water  and  extracted  with  ether.  The  water  layer  was  neutralized  witli  ammonia  and  the 
base  was  removed  with  etlier.  After  drying  over  sodium  sulfate,  tlie  solvent  was  distilled  off.  We  obtained  a  light 
yellow  oil.  Yield  2.1  g  (88.23/)). 

The  hydrochloride  was  obtained  by  treating  an  ether  solution  of  tlie  base  with  etlier  saturated  widi  hydrogen 
chloride.  After  recrystallization  from  alcohol,  m.  p.  192-194*. 
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^max  (Jog  ^  ‘J-1^).  ^85  (log  €  3.77);  X^^jn  260  (log  €  3.28). 

Found  •yo:  €61.82,61.81;  H  7.88,  7.77;  N  3.75,  3.89;  Cl  9.27.  CijHjgO^NCl.  Calculated '7o:  C  61.86; 

H  7.65;  N  3.79;  Cl  9.58. 

5.  8  -(3",4"-Dimc0ioxyphcnyl)-etliylamido-4*,5’-dimethoxy-6-mcthyl-3,4,5,6,7,8-hexahydrobenz- 
(1 ,2:l’,2’)-iiuinolizyl-7-acctic  acid  (V).  A  inixiurc  of  3.2  g  of  iiietliyl  ester  of  4*,5’-diinethoxy-6-methyl* 
3,4,5,6,7,8-liexaliydrobcnz-(l,2:l ',2')-quinolizyl-7-acetic  acid,  2.7  g  of  lioinoverauylamine,  and  0.1  ml  of  an¬ 
hydrous  pyridine  was  heated  at  180*  for  six  hours,  and  then  it  was  waslied  wiili  absolute  ether.  Yield  3.0  g  (64.70^). 

M.  p.  89-91*. 

^max  ^  ^  ^min  (J°g  ^  (Jog  ^  3.05) 

Found ‘yo:  €  69.55,  69.50;  H  7.94;  7.80;  N  5.90,  5.82.  C28H3AN2.  Calculated  C  69.68;  H  7.93; 

N  5.80. 

6.  4*,5*-Dimethoxy-6-methyl-7-(l"-methyl-6*,7*-diniethoxy-3",4*-dihydroisoqulnolyl)-3,4,5,6,7,8- 
hcxahydrohcnz-(l ,2:1  *,2*)-quinollzine  (VI).  A  mixture  of  2.1  g  of  6-(3",4"-dimcthoxyphenyl)-etliylamldo- 
4',5'-dimctJioxy-G-inethyl-3,4,5,6,7,8-hexaliydrobenz-(l,2:l’,2*)-quinolizyl-7-acctic  acid  (V),  2.6  ml  of  an¬ 
hydrous  chloroform,  and  7.0  ml  of  freshly  distilled  phosphorus  oxycliloride  was  heated  for  four  hours  on  a  water 
bath.  The  chloroform  and  excess  pliosphorus  oxychloride  were  distilled  off  in  a  vacuum.  The  residue  was  repeatedly 
washed  with  absolute  ether  and  dissolved  in  dilute  (1:1)  hydrocliloric  acid,  Uien  neutralized  with  ammonia  and  ex¬ 
tracted  with  etlier.  The  solvent  was  removed.  The  base  was  isolated  in  the  form  of  a  light  yellow  oil,  1.3  g 
(53.0efyo). 

The  oxalate  was  obtained  by  treating  the  ether  solution  of  the  base  with  an  etlier  solution  of  oxalic  acid. 

After  recrystallization  from  anliydtous  alcdiol,  it  melted  at  160-162*. 

Xmax235(log  c  4.30),  290  (log  e  3.90),  305  (log c  3.92),  355  (log  €  3.81);  Xj^j^  260  (log  €  3.56), 

295  (log  €  3.86),  330  (log  €  3.66). 

Found  70:  C  59.45;  H  6.17;  N  4.06.  C32M4oOj2Nj.  Calcualted ‘y®:  C  59.61;  H  6.26;  N  4.34. 

For  isolation  of  the  base  from  the  oxalate,  1.5  g  of  the  oxalate  was  dissolved  in  13  ml  of  water  and  neutra¬ 
lized  with  2.1  ml  of  ammonia.  The  base  was  extracted  with  ether  and  the  extract  was  dried  with  potash.  After 
removal  of  the  solvent  we  obtained  a  white,  amorphous  substance.  M.  P.  59-60*. 

Xj^^^  225  (log  €  4.20),  280  (logc  3.95),  305  (log  c  3.79);  X^^jn  250  (log  c  3.58),  300  (log  €  3.76). 

Found ‘yo:  C  72.10;  H  7.72;  N  5.74.  C18H36O4NJ.  Calculated  •yo:  C  72.38;  H  7.81;  N  6.03. 

7.  4*,5’-Dimethoxy-6-methyl-7-(l"-mctltyl - 6 " ,7"-dimethoxy-l'*,2*.3*,4*-tetrahydroisoquinolyl)-3,4,5,6,7,8- 
hexahydrohenz-(l ,2: 1  *,2*)-quinolizinc  (VII)  hydrocliloride.  A  solution  of  0.7  g  of  the  base  4',5’-dimethoxy-6- 
methyl-7-(l"-methyl-6",7"-dimcihoxy-3*,4*-dihydroisoquinolyl). 3,4 , 5,6,7,8-llexahydrobenz-(l,2:l’,2*)-qulno- 
lizine  in  20  ml  of  metliyl  alcohol  was  hydrogenated  in  the  presence  of  0.2  g  of  skeletal  nickel  catalyst  at  GO*"  and 

an  initial  hydrogen  pressure  of  100  atm  for  two  hours.  After  separation  of  the  catalyst  the  alcohol  was  distilled 
off  in  a  vacuum,  tlie  residue  was  dissolved  in  ether  and  treated  with  ether  saturated  with  dry  hydrogen  chloride. 

After  recrystallization  from  anhydrous  alcohol,  m.  p.  229-230*.  Yield  0.4  g  (49.20yo). 

Xmax  (J°8  ^  285  (log  c  3.77);  Xj^in  255  (log  e  2.92). 

Found ‘yo;  C  62.66;  H  7.30;  N  5.15;  Cl  13.50.  C28n4o04N2Cl2.  Calculated ‘yo;  C  62.33;  H  7.47;  N  5.19; 

Cl  13.14. 

SUMMARY 

The  synthesis  of  an  analog  of  the  alkaloid  emetine  has  been  carried  out. 
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STUDIES  IN  THE  FIELD  OF  DIPHENYL  ETHERS 


SYNTHESIS  OF  3,5-DIIODO-4-(2*-HYDROXY-3’-METHOXY-5’-FORMYL- 
PHENOXY)-PHENYUCETIC  ACID 
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Original  article  submitted  January  31,  1959 

In  the  course  of  studies  in  the  field  of  diphenyl  etliers  we  have  obtained  3,5-diiodo-4-(2’-hydroxy-3*- 
methoxy-5'-formylphenoxy)-phenylacctic  acid  (IX).  The  syntliesis  was  carried  out  by  Uie  following  scheme. 


OjN  0,H  HCO 

HO-^^^-CHjCOOCHj  — ^Ts0-(^  _^CHjC00CHj 
O.N 

‘  U) 

HC(0C0CHj)j  NOi 


0,n  HCO  OjM 

lO-^^CHjCOOCHj — ►  O-h^^-CH,C00R  — ^ 

0,N  H,C0  OH  O.N 

im) 


in) 


HClOCOCHjli  NH 


■CH.COOCM 


HjCO  OCOCHj  NOj 
(IV) 


HCO 


CH-COOCH, 


HjCO  OCOCHj  j 
(VI) 


HjCO  OCOCH,  NHj 
(V) 

HCO  I  HCO 

CHjCOOH  —  2  J>-0 


1, 


CH.CODCH. 


CH.COOM 


HjCO  CH  HNCOCH, 
(VII) 


HjCO  oh  HjNHCl 
(WI) 


HjCO  OH  I 
(K) 


Methyl  3,5-diiutro-4-hydroxyphenylacctate  (I)  was  converted  into  the  tosylate  (II)  by  the  action  of  p-toluenc- 
sulfonyl  chloride  in  a  dimeiliylaniline  medium,  and  this  with  3-O-methyl  gallic  aldehyde  in  pyridine  gave  methyl 
3,5-diiiitro-4-(2’-hydroxy-3*-metlioxy-5'-formylphenoxy)-phenylacetatc  (III,  R  =  CH3),  easily  saponified  to  the 
corresponding  acid  (111,  R=*i  H).  The  aldehyde  group  and  the  hydroxyl  in  compound  (III)  were  protected  by  acetyl¬ 
ation,  and  the  triacetate  (IV)  was  reduced  in  the  presence  of  Raney  nickel  (X  =  50)  to  methyl  3,6-diamino-4-(2'- 
acetoxy-3'-methoxy-5*-diacetoxymetliylphenoxy)-phenylacetate  (V).  Diazotization  of  the  diamine  (V)  with  nltro- 
sylsulfuric  acid  was  carried  out  in  acetic  or  phosphoric  acid  as  the  solvent.  In  the  first  case,  after  decomposition 
of  the  diazonium  salt  by  potassium  iodide,  we  obtained  the  monoiodo  derivative  (VII)  (R  =  CH3).  Heating  (VII) 

(R  =  CH3)  with  a  Kr/o  soda  solution  gave  3-iodo-5-acetamino-4-(2'-hydroxy-3’-methoxy-5'-formylphenoxy)-phcnyl- 
acetic  acid  (VII)  (R  =H).  Saponification  of  ester  (VII)  (R=  CH3)  by  hydrochloric  acid  gave  the  salt  of  amino  acid 
(VIII)  wliich  was  diazotized  without  purification  and  converted  to  acid  (IX).  Diazotization  of  the  diamine  (V)  using 
phosphoric  acid  led  to  mctliyl  3,5-diiodo-4-(2*-acctoxy-3'-methoxy-5’-formylphenoxy)-phenylacctatc  (VI)  which 
was  easily  saponified  into  acid  (IX).  However,  in  tliis  case  also,  some  quantity  of  tlic  monoiodo  derivative  (VII) 

(R  =  CH3)  was  formed.  Evidently  in  this  case  acylation  of  the  amino  group  occurs  because  of  the  acetyl  residues 
contained  in  the  molecule,  especially  because  of  the  acetyl  group  on  the  phenolic  hydroxyl. 
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The  resulting  compound  (IX)  is  an  analog  of  iliyroxinc  acetic  acid,  which  is  pliyslologically  a  highly  active 
substance  [1].  It  is  very  probable  iJiat  thyroxine  acetic  acid  is  the  active  form  of  the  tiiyroid  hormone  [2]  in  view 
of  Its  ability  to  show  a  stimulating  effect  on  tlie  utilization  of  oxygen  by  tissue  slices  in  concenuations  on  tlie 
order  of  10*®. 


EXPERIMENTA  L 

1.  Mctliyl  n,5-dinitro-4-hydroxyphcnylacctic  acid  (I).  A  solution  of  20  g  of  3,5-dInitro-4-hydroxyphenyl- 
acctlc  acid  [3]  (m.  p.  17G  178*)  in  GO  ml  of  anliydrous  methyl  alcoliol  and  2.0  ml  of  sulfuric  acid  (d  1.84)  was 
heated  at  tlie  boiling  point  for  seven  hours,  cooled  to  0*,  and  treated  with  300  ml  of  ice  water.  After  40  minutes 
tlie  precipitate  was  separated,  waslicd  with  70  ml  of  water,  and  recrystallized  from  50  ml  of  alcohol.  Yield  19.4  g 
(897o).  M.  P.  80-81*. 

Found‘d:  N  11.08,  11.17.  CsllgOjNj.  Calculated "yo:  N  10.94. 

2.  Tosylate  of  methyl  3,ri-dinttro-4-hydroxyphcnylacetate  (II).  A  mixture  of  10.3  g  of  metltyl  3,5-dinitro- 
4-hydroxyphcnylacctate,  8.0  g  of  p-toltienesulfonyl  chloride,  and  13  ml  of  dimetltylanilinc  was  heated  for  four 
hours  on  a  water  bath,  then  cooled  to  20*,  and  tlie  mixture  was  treated  with  120  ml  of  water  and  15  ml  of  concen¬ 
trated  hydrocliloric  acid.  The  precipitate  was  separated,  transferred  to  50  ml  of  'SJo  soda  solution,  triturated,  washed 
on  a  filter  with  20  ml  of  dilute  (1:5)  hydrochloric  acid,  20  ml  of  water,  and  5  ml  of  meiliyl  alcohol.  It  was  dried 
and  recrystallized  from  25  ml  of  benzene.  Acidification  of  the  soda  filtrate  gave  0.8  g  of  tlie  starting  methyl 
ester  (I)  with  tn.  p.  80-81*.  Yield  10.03  g  (GS.gVo).  M.p.  149-150*. 

Found'/o;  N  6.88,  6.69.  CjglluOgNzS.  Calculated ‘Vo;  N  6.83. 

3.  Methyl  3,5-dinltro-4-(2*-hydroxy-3*-methoxy-5'-formylphctioxy)-phcnylacetatc  (III,  R  =  CH3).  a)  In 
32  ml  of  anliydrous  pyridine  was  placed  10.4  g  of  the  tosylate  of  methyl  3,5-dinitto-4-hydroxyphcnylacctate  (II) 
and  4.4  g  of  3-O-methylgallic  aldehyde  [4],  (m.  p.  128-130*)  and  tlie  mixture  was  heated  to  boiling  for  one  hour. 

The  pyridine  was  distilled  off  in  a  vacuum  at  50*,  the  residue  was  dissolved  in  150  ml  of  ethyl  acetate,  washed 
with  hydrochloric  acid,  then  with  a  sattirated  solution  of  sodium  bicarbonate,  and  was  dried  with  sodium  sulfate. 
The  solvent  was  removed  in  a  vacuum,  the  residue  was  dissolved  by  heating  in  10  ml  of  chloroform,  and  the  crystals 
which  precipitated  on  cooling  were  separated,  washed  with  2.5  ml  of  chloroform  and  5  ml  of  methyl  alcohol,  and 
dried  In  a  vacuum  desiccator.  Yield  4.58  g  (437®).  M.  p.  154-155*. 

Found  N  6.88,  6.79.  C17H14O10N2.  Calculated  "/o;  N  6.90. 

b)  In  20  ml  of  anhydrous  pyridine  was  placed  9.0  g  of  methyl  3,5-dinitro-4-hydroxyphenylacetatc  (I)  and 
6.9  g  of  p-toluenesulfonyl  chloride;  tlie  mixture  was  stirred  for  one  hour  at  18-20*;  then  6.8  g  of  3-O-methyl¬ 
gallic  aldehyde  was  added  to  the  solution  and  it  was  heated  at  95-100*  and  stirred  for  four  hours.  The  reaction 
mass  was  treated  with  200  ml  of  ice  water,  extracted  widi  ethyl  acetate  (3  x  80  ml),  the  combined  extracts  were 
waslied  with  ffjo  hydrochloric  acid,  then  with  a  saturated  solution  of  sodium  bicarbonate,  and  tlien  were  dried  over 
sodium  sulfate.  After  removal  of  the  solvent  in  a  vacuum  die  residue  was  dissolved  with  heat  in  10  ml  of  chloro¬ 
form,  and  the  crystals  which  precipitated  on  cooling  were  separated,  washed  witli  2.5  ml  of  chloroform  and  5  ml 
of  methyl  alcohol,  and  dried  in  a  vacuum  desiccator.  Yield  5.15  g  (36.1*70).  M.  p.  153-155*. 

4.  3,5-Dinitro-4-(2*-hydroxy-3*-mcthoxy-5'-formylphcnoxy)-phcnylacetic  acid  (III,  R  =  H).  A  solution 
of  1.50  g  of  metltyl  3,5-diniiro-4-(2*-hydroxy-3’-mctlioxy-5'-formylphenoxy)-phenylacetate  iji  a  mixture  with 
15  ml  of  glacial  acetic  acid,  7.5  ml  of  hydrochloric  acid  (d  1.19),  and  7.5  ml  of  water  was  heated  to  boiling  for 

4o  minutes.  The  crystals  which  separated  after  cooling  were  separated,  washed  with  water,  and  dried  in  a  desiccator. 
Yield  1.43  g(98.97o).  M.p.  172-173*. 

Found  %:  N  6.84,  6.89.  CieHijOioNj.  Calculated  <7o:  N  7.14. 

5.  Methyl  3,5-dinitro-4-(2*-acetoxy-3'-methoxy-5*-diacetoxymcthylphenoxy)-phenylacetatc  (IV).  To  a 
suspension  of  4.58  g  of  metltyl  3,5-dinitro-4-(2'-hydroxy-3'-methoxy-5'-forntylphcnoxy)-phcnylacetate  in  20  ml 
of  acetic  anltydride  was  added  0.05  ml  of  sulfuric  acid  (d  1.84).  A  clear  solution  formed  and  was  kept  for  35  mi¬ 
nutes  at  40*  and  then  was  poured  into  300  ml  of  ice  water  witlt  stirring.  After  40  minutes  the  solidified  oily  layer 
was  ground  up,  v/ashed  with  a  saturated  solution  of  sodium  bicarbonate  and  with  water,  aitd  dried  in  a  vacuum  de¬ 
siccator.  Yield  6.03  g  (9r/o).  M.  p.  131.5-132.5*  (from  alcohol). 


504 


Found  C  50.7,  50.2;  H  4.08,  4.36;  N  5.07,  5.09.  Calculated  %;  C  50.2;  H  4.03;  N  5.08. 

6.  Methyl  3,5-diamino-4-(2*-acetoxy-3*-methoxy-5*-diacetoxymcthylphenoxy)-phenylacctate  (V).  A  so¬ 
lution  of  3.66  g  of  metliyl  3,5-dinitro-4-(2’-acetoxy-3*-methoxy-5’-diacetoxymetliylphcnoxy)-phenylacetatc  was 
hydrogenated  in  70  ml  of  ethyl  acetate  in  the  presence  of  Raney  nickel  X  =  50  [5]  obtained  from  8  g  of  alloy. 

After  die  tlicorctical  amount  of  hydrogen  (895  ml)  had  been  absorbed, the  catalyst  wasseparated  and  die  solvent 
removed  in  a  vacuum  at  35-40*.  The  colorless  crystals  were  dried  in  a  vacuum  desiccator.  Yield  3.15  g  (96.7^). 

M.  p.  153-154*. 

Found  *70:  C  56.0;  56.1;  H  5.50,  5.63;  N  5.61,  5.90.  CjaHjeOioNj.  Calculated  C  56.3;  H  5.34;  N  5.71. 

7.  Methyl  3,5- diaceramino  -  4-(2*-acetoxy-3*-medioxy-5*-diacetoxymethylphenoxy)-phenylacetate.  This 

was  obtained  in  an  analogous  manner  to  compound  (IV)  from  0.21  g  of  diamine  (V)  widi  a  yield  of  Sl.lT/o.  M.  p. 
205-207*  (from  alcohol).  ”* 

Found  *70:  C  56.6,  56.3;  H  5.28,  5.42;  N  4.76,  4.61.  CJ7H30O12N2.  Calculated ‘7o:  C  56.4;  H  5.26; 

N  4.87. 

8.  Methyl  3-iodo-5-  acetnmino-4-(2'-hydroxy-3*-methoxy-5*-formylphcnoxy)-phenylacetate  (VII,  R=gCHi). 
A  solution  of  3.7  g  of  methyl  3,5-diamino-4-(2’-acetoxy-3’-mcthoxy-5*-diacetoxymethylphcnoxy)-plienylacetate 
(V)  in  50  ml  of  glacial  acetic  acid  was  added  by  drops  at  —(1-4*)  with  stirring  to  2.0  g  of  sodium  nitrite  in  65  ml 

of  sulfuric  acid  (d  1.84)  and  4.0  ml  of  glacial  acetic  acid  during  50  minutes.  The  mixture  stood  for  one  hour  at 
0-2*  and  tlien  was  poured  into  a  solution  of  8  g  of  potassium  iodide,  G.9  g  of  iodine,  and  1.2  g  of  urea  in  400  ml 
of  water  and  140  ml  of  chloroform  during  5  minutes.  After  stirring  for  40  minutes, -5.0  g  of  sodium  mctabisulfite 
was  added  to  the  solution  to  remove  tlie  iodine,  the  chloroform  layer  was  washed  with  water  and  with  a  saturated 
solution  of  sodium  bicarbonate,  and  was  dried  with  sodium  sulfate.  The  solvent  was  removed  in  a  vacuum  and  the 
residue  was  rccrystallizcd  from  glacial  acetic  acid.  Yield  2.16  g  (57.Gf7o).  M.  p.  227-229*. 

Founder  C  45.7,  45.5;  H  3.92,  3.67;  N  2.71,  2.80;  I  25.5.  C19H18O7NI.  Calculated ‘7»:  C  45.7;  H  3.63; 

N  2.80;  I  25.4. 

9.  3-Iodo-5-acetamino-4-(2'-hydroxy-3'-methoxy-5*-formylphcnoxy)-phcnylacetic  acid  (VII,  R  —  H).  To 
0.20  g  of  methyl  3-iodo-5-acetamino-4-(2'-hydroxy-3’-metlioxy-6'-formylphenoxy)-phenylacctate  (VII,  R  =  CH5) 
was  added  6.0  ml  of  a  lff7o  soda  solution  and  tlie  mixture  was  heated  to  boiling  for  two  hours,  cooled  to  20*,  and 
acidified  witli  dilutc(l  r  l)hydrochloric  acid;  die  precipitate  was  separated  and  recrystallized  from  aqueous  alcohol 
(1:1).  Yield  0.10  g  (507o).  M.  p.  234-235*. 

Found‘7o:  C  44.6,  44.8;  H  3.18,  3.37;  N  2.85,  2.85.  CiaHigOiNI.  Calculated  C  44.6;  H  3.32;  N  2.88. 

10.  3-Iodo-5-amiuo-4-(2'-hydroxy-3*-medioxy-5*-formylphenoxy)-plienylacetic  acid  hydrochloride  (VIII). 

A  mixture  of  0.70  g  of  methyl  3-iodo-5-acetamino-4-(2’-hydroxy-3’-metho.xy-5’-formylphenoxy)-phenylacetate, 
0.5  ml  of  glacial  acetic  acid,  2.8  ml  of  hydrochloric  acid  (d  1.19),  and  2.2  ml  of  water  was  heated  to  boiling  for 
one  hour,  cooled  to  20*,  40  ml  of  water  was  added,  and  the  precipitate  was  separated  and  dried  in  a  vacuum  de¬ 
siccator.  Yield  0.48  g. 

_ 11.  Methyl  3,5-diiodo-4-(2*-acetoxy-3*-methoxy-5*-formylphenoxy)-phenylacetate  (VI).  A  solution  of 

2.5  g  of  methyl  3,5-diamino-4-(2’-acetoxy-3’-methoxy-5'-diacetoxymethylplienoxy)-phenylacetate  (V)  in  35  ml 
of  phospiioric  acid  (d  1.7)  was  added  by  drops  in  the  course  of  one  hour  with  stirring  at  a  temperature  of  “(1-4*) 
to  a  solution  of  1.10  g  of  sodium  nitrite  in  25  ml  of  sulfuric  acid  (d  1.84)  and  was  stirred  for  one  hour  more  at 
-(1-2*);  tlien  it  was  poured  during  a  period  of  five  minutes  into  a  solution  of  5  g  of  potassium  iodide  and  5  g  of 
iodine  in  80  ml  of  water  and  40  ml  of  chloroform,  on  which  a  certain  amount  of  tar  precipitated.  After  45  mi¬ 
nutes  standing  at  40-45*  the  reaction  mass  was  cooled  to  20*  and  a  saturated  solution  (10  ml)  of  sodium  metabl- 
sulfite  was  added  to  remove  iodine,  the  chloroform  layer  was  separated,  washed  with  a  saturated  solution  of  sodium 
bicarbonate,  dried  over  sodium  sulfate,  and  the  chloroform  was  removed  in  a  vacuum.  VVe  obtained  1.20  g  of  a 
substance  witli  m.  p.  67-74*;  it  was  dissolved  in  15  ml  of  meiJiyl  alcoltol  and  passed  tlirougli  a  column  of  aluminum 
oxide  (1.6  x  8.0  cm).  It  v;as  washed  out  with  metltyl  alcohol.  From  the  first  120  ml  we  obtained  1.14  g  (36.67o) 
of  methyl  3,5-diiodo-4-(2’-acetoxy-3’-metlioxy-5'-formylphenoxy)-plicnylacetatc  (VI).  M.  p.  80-84*. 

Found ‘7o:  C  37.4,  37.2;  H  2.60,  2.66.  CisHigO/Ij.  Calculated ‘7°:  C  37.4;  H  2.64. 
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The  tar  ohtaiiied  in  the  decomposition  of  tlie  diazo  solution  was  treated  witli  50  ml  of  ethyl  acetate.  The 
resulting  solution  was  shaken  wiili  10  ml  of  a  saturated  solution  of  sodium  rnetabisulfite  and  then  was  exuracted 
witli  N  sodium  hydroxide  (3  x  30  ml).  Tlic  combined  alkaline  extracts  were  acidified  witli  dilute  (1:1)  hydro- 
chloric  acid  and  gave  methyl  3-iodo-5-acetamino-4-(2*-hydroxy-3*-methoxy-5'-formylphcnoxy)-phenylacetate 
(VII,  R  =  Cll3)  which  was  recrystallized  from  glacial  acetic  acid.  Yield  0.71  g  (27.07o).  M.  p.  225-226*".  A 
mixed  melting  point  wiili  the  substance  obtained  in  experiment  8  melted  at  225-227*. 

12.  3,5-l.)iiodo-4-(2'-hydroxy-3*-mcthoxy-5*-formylplienoxy)-phenylacetic  acid  (IX).  a)  To  a  solution 
of  0.48  g  of  3-iodo-5-amino-4-(2'-hydroxy-3*-mcilioxy-5'-formylphcnoxy)-plienylacctic  acid  hydrochloride 
(VIII)  in  a  mixture  of  5.0  ml  of  sulfuric  acid  (d  1.84)  and  5.0  ml  of  glacial  acetic  acid  was  added  at  -(1-3*) 

0.11  g  of  sodium  nitrite;  tlie  mixture  was  stirred  at  this  temperature  for  30  mitiutes  and  tlie  reaction  mass  was 
poured  into  a  solution  of  0.8  g  of  potassium  iodide,  0.7  g  of  iodine,  and  0.1  g  of  urea  in  60  ml  of  water  and  10  ml 
of  chloroform.  After  30  minutes,  a  saturated  solution  of  sodium  bisulfite  was  added  to  remove  die  iodine,  the 
organic  layer  was  separated,  and  tlie  itisoluble  part  was  washed  with  20  ml  of  chloroform.  The  combined  extracts 
were  waslied  with  water,  dried  over  sodium  sulfate,  the  solvent  was  distilled  off  in  a  vacuum,  and  the  residue  was 
treated  with  5  ml  of  a  saturated  solutioti  of  sodium  bicarbonate,  filtered,  and  acidified  with  dilute  (1:1)  hydro¬ 
chloric  acid.  The  residue  was  washed  with  water  and  dried  in  a  vacuum  desiccator.  Yield  0.12  g  [15.4*7o  calculated 
on  (VII,  R^Cllj)].  M.  p.  118-121*. 

Found  *70:  C  35.1,  34.7;  11  2.30,  2.24.  CifillijOelj.  Calculated  C  34.7;  H  2.28. 

b)  A  mixture  of  0.25  g  of  methyl  3,5-diiodo-4-(2'-aceioxy-3*-methoxy-5'-formylphenoxy)-phcnylacetate 
(VI),  5.0  ml  of  glacial  acetic  acid,  2.5  ml  of  hydrochloric  acid  (d  1.19),  and  2.5  ml  of  water  was  heated  to  boiling 
for  30  minutes,  distilled  to  dryness  in  a  vacuum,  and  tlie  residue  was  treated  with  5  ml  of  sodium  bicarbonate, 
filtered,  and  acidified  witit  dilute  hydrochloric  acid  (1:1).  The  precipitate  was  washed  with  water  and  dried  in 
a  vacuum  desiccator.  Yield  0.21  g  (92. 4Vo).  M.  p.  117-120*. 

SU  MMA*RY 

We  have  carried  out  the  synthesis  of  3,5-diiodo-4-(2'-hydroxy-3’-methoxy-5*-formylphcnoxy)-phenyl- 
acctic  acid,  an  analog  of  thyroxine. 
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In  a  previous  communication  [1]  we  reported  that  the  alkaloid  theslne,  C34H4206N2,  Isolated  with  anumberof 
other  substances  from  tlie  plant  Thesliim  mlnkwitzlanum.  Is  an  ester  of  d-isoretronecanol  and  a  dibasic  acid 
wlilch  does  not  melt  up  to  360*  and  contains  two  phenolic  hydroxyls.  The  study  of  tills  acid,  named 
tlieslnlc  acid.  Is  the  subject  of  the  present  work.  On  the  basis  of  the  above  suggested  sclicmatlc  structure  for  theslnlc 
acid  we  have  set  up  the  formula  (I). 

(H0)2C,6H,2(C00II), 

(1) 


(Cll30)2C,oH,2{COOII)j. 

CIV) 


(no)2C,on,2(coocH3), 

(II) 


(CllaOjzC, ell, 3(0000113)2 

(III) 


When  the  add  (I)  Is  methylated  with  dlmetliyl  sulfate  and  two  moles  of  bicarbonate,  we  obtain  the  di¬ 
methyl  ester  of  theslnlc  acid  (II)  wlih  m.  p.  183-184*  which  contains  two  free  phenolic  hydroxyls  (It  Is  soluble  In 
an  alkali  solution  and  docs  not  dissolve  In  solutions  of  soda  or  ammonia).  Methylatlon  of  acid  (1)  with  dlmetliyl 
sulfate  In  the  presence  of  four  moles  of  sodium  hydroxide  leads  to  preparation  of  tlic  dimethyl  ester  of  dlmethoxy- 
thcslnlc  acid  (III)  with  ni.  p.  125-126*,  Insoluble  In  alkali;  saponification  of  tlic  latter  with  alcoholic  alkali 
leads  to  dlrnethoxytheslnlc  acid  (IV)  with  m.  p.  250-251*,  soluble  In  soda  and  ammonia.  Determination  of  the 
molecular  weight  of  ester  (III)  confirms  the  conectness  of  the  empirical  formula  assumed  for  theslnlc  acid. 

Oxidation  of  acid  (IV)  witli  permanganate  gives  a  647o  yield  of  p-mcthoxybcnzolc  acid.  This  result  shows 
tlie  presence  of  two  plienyl  rings  In  the  theslnlc  add  molecule,  with  one  hydroxyl  group  In  each,  while  both  car- 

\  / 

boxyl  groups  are  connected  with  the  hydrocarbon  skeleton^ C4H4  ^of  unknown  structure.  This  hydrocarbon  ske¬ 
leton  should  be  connected  to  both  phenyl  nuclei  In  the  para -position  to  the  hydroxyl  group.  Thus,  the  developed 
formula  of  theslnlc  acid  can  be  expressed  as  follows: 


(  "0-<(^>-),C,ll,(COOII), . 


The  saturated  character  of  theslne,  which  does  not  add  hydrogen  In  the  presence  of  platinum  and  palladium 
[l),sliows  the  absence  In  the  theslnlc  add  molecule  of  double  bonds.  Therefore,  we  conclude  tliat  the  most  probable 

structure  of  tlie  hydrocarbon  skeleton'^C^H^^ln  theslnlc  add  Is  the  structure  of  a  cyclobutane  ring  to  which  are 
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directly  bound boili  p-hydroxyphcnyl  nuclei  and  both  carboxyl  groups. 

The  fact  tliat  along  witli  tlicsine  the  alkaloid  thesininc  was  also  Isolated  simultaneously  from  the  plant,  and 
tltcslninc  was  an  ester  of  d-isoretronccanol  and  p-hydroxycinnamic  acid  [1]  suggests  tliai  thesinic  acid  can  be  a 
dimer  of  p-hydroxycinnamic  acid. 

There  Is  much  information  in  the  literature  on  the  photodlmcrizatlon  of  unsubstituted  cinnamic  acid  with 
tlie  formation  of  truxillic  and  truxinic  acids  [2].  Some  unsubstituted  dlphenylcyclobutanedicarboxyllc  acids  (a- 
and  c  -truxillic  acids  and  also  0-,6-,  and  nco-truxinic  acids)  are  constituent  parts  of  die  subsidiary  alkaloids  of 
the  cocaine  group,  where  they  are  found  as  eegonine  esters.  Among  the  subsidiary  alkaloids  of  the  cocaine  group, 
eegonine  esters  of  tians-cinnamic  acid  were  also  found  [3].  In  this  case  die  trans-cinnamic  acid  was  considered 
as  a  "precursor"  of  truxillic  and  uuxinic  acids  during  the  blosyndiesis  of  die  alkaloids  in  the  plant. 

We  made  die  assumption  that  In  our  case  p-hydroxycinnamIc  acid  Is  also  an  Intermediate  product  In  the  bio¬ 
synthesis  of  die  acid  part  of  the  alkaloid.  If  tills  assumption  Is  correct,  dicsinic  acid  may  be  the  product  of  the 
photodinicrlzation  of  p-hydroxyclnnamic  acid.  Tliis  assumption  is,  however,  contradicted  by  the  literature  data 
on  the  impossibility  of  obtaining  a  photodimer  of  para-substituted  cinnamic  acids  which  contain  such  substituents 
as  HO-,  ClljO-,  or  NOj -groups  [4]. 

We  have  carried  out  experiments  on  photodimerization  of  p-hydroxyclnnamlc  acid  under  the  conditions  of 
dimerization  of  trans-cinnamic  acid  [5].  After  20  hour  illumination  of  p-hydroxycInnamIc  acid  by  direct  sunliglit 
we  have  isolated  from  die  reaction  mixture  an  acid  which  on  the  basis  of  melting  point  of  its  tetramediyl  ester, 
and  also  by  die  absence  of  depression  of  the  melting  point  of  a  mixture  with  die  tetramediyl  ester  of  thesinic  acid, 
was  sliown  to  be  thesinic  acid.  This  experiment  confirms  the  assumption  diat  thesinic  acid  is  a  product  of  photo- 
diincrizatlon  of  p-hydroxyclnnamic  acid  and  hence  Is  one  of  die  eleven  possible  spatial  configurations  of  the  cor¬ 
responding  truxillic  or  truxinic  acid. 

Our  study  of  the  chemical  properties  of  dieslnlc  acid  showed  that  under  specified  conditions  it  can  be  Iso- 
inerized.  In  an  attempt  to  acctylatc  thesinic  acid  by  heating  with  acetic  anhydride  In  die  presence  of  sodium 
acetate  we  obtained  a  neutral  substance  (V)  widi  m.  p.  186-187*  which  from  properties  and  analysis  was  die  an¬ 
hydride  ofadiacetoxy  acid  which  under  the  action  of  a  soda  solution  was  easily  hydrolyzed  wldi  simultaneous 
splitting  off  of  bodi  acetyl  groups.  However,  as  a  result  of  the  hydrolysis  we  obtained  not  diesinic  acid  but 
an  Isomeric  acid  (VI)  wldi  m.  p.  28G*  which  differed  sharply  in  projxirties  from  diesinic  acid.  The  distinction  in 
properties  was  also  shown  by  the  depression  in  melting  point  of  a  mixture  of  die  tetramediyl  esters  of  diesc  acids 
(III)  and  (VIII)  wliich  melted  at  125-12G*  and  116*  respectively.  Hence,  in  die  acetylation  under  diese  conditions 
there  was  Isomerization  and  the  resulting  acid  (VI),  Its  anhydride  (V)  and  its  tetramediyl  ester  (VIII)  have  a  dif¬ 
ferent  spacial  configuration  from  the  starting  diesinic  acid.  If  we  carry  out  die  acetylation  by  short  heating  of 
thesinic  acid  in  glacial  acetic  acid  with  acetic  anhydride  widiout  addition  of  sodium  acetate,  we  can  isolate  a 
crystalline  diacetate  (VII)  with  m.  p.  248-250*  whose  saponification  regenerates  diesinic  acid,  as  shown  by  the 
absence  of  depression  of  the  melting  point  for  a  mixture  of  die  tetramediyl  esters  of  the  starting  and  regenerated 
acids.  Thus,  under  these  acetylation  conditions  the  spacial  configuration  is  retained. 


(HOCeH4),C4»4(COOII)2 
(IX).m.p.  272“ 


(Ac0Cc»U)2C4ll4(C001I)2  (AcOColl4)2C4H4(C01l)2 
(VII).  m.p.  24S-250'’  (V).  m.p.  186-187® 


(110C6H4)2C4H4{C00H)2 
(I).  I  m.p.  >  360® 


(CH30C6M4)oC4H4(C00CM3)2 
(III),  m.p.  125-126® 


(HOCeH4)2C4H4(COOn)a 
(VI).  I  m.p.  286® 

(CH30C8ll4)2C4H4(C00Cll3)2 
(VIII).  m.p.  H6® 


Fusing  thesinic  acid  (I)  widi  potassium  hydroxide  for  ten  minutes  at  250*  results  In  formation  of  an  acid 
(IX)  with  m.  p.  272*,  which  from  its  elementary  composition  is  isomeric  both  with  thesinic  acid  (I)  and  acid  (VI), 
but  shows  a  depression  of  melting  point  in  mixtures  widi  bodi  diese  acids. 
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EXPERIMENTAL 


Dimethyl  ester  of  thcsinic  acid  (II).  To  a  solution  of  1  g  of  tlicsinic  acid  In  17  ml  of  a  solution  of  sodium 
bicarbonate  was  added  in  one  dose  with  stirring  1.2  g  of  dimethyl  sulfate;  the  mixture  was  heated  to  50*  and  kept 
at  tliis  temperature  for  30  minutes.  The  crystals  which  precipitated  after  cooling  were  filtered  off  and  recrystallized 
from  20lo  aqueous  alcohol.  We  obtained  0.5  g  of  dimethyl  thesinate  with  m.  p.  183-184*  (from  3Cf7o  alcohol).* 

With  a  diazotized  solution  of  p-nitxoaniline  (in  an  alkaline  medium)  a  cherry-red  color  formed. 

Found  “yo:  C  67.31,  67.27;  H  5.73,  5.73.  CjoHjoOg.  Calculated  *70:  C  67.44;  H  5.61. 

0.1054  g  of  substance  required  60.0  ml  of  0.01  N  diazotized  solution  of  p-niuoanilinc.  CjoHioOg.  Calculated 
for  one  phenolic  hydroxyl  28.4  ml,  for  two  phenolic  hydroxyls,  56.8  ml. 

Dimctliyl  ester  of  dimethoxythesinic  acid  (HI).  To  a  solution  of  3  g  of  thesinic  acid  in  17  ml  of  lO^o  so¬ 
lution  of  sodium  hydroxide  was  added  witli  stirring  6.5  g  of  dimethyl  sulfate  and  the  mixttire  was  heated  on  a 
water  hath  to  40*.  After  20  minutes  the  resulting  precipitate  was  filtered  off,  washed  with  2^0  sodium  hydroxide 
solution  and  with  water.  We  obtained  after  air  drying  3.4  g  of  substance  with  m.  p.  116-119*.  For  purification, 
the  substance  was  dissolved  in  120  ml  of  ether,  and  tlie  ether  solution  was  washed  with  b%  sodium  hydroxide  so¬ 
lution.  After  evaporation  of  die  ether  solution,  we  obtained  2.95  g  of  tlie  dimethyl  ester  of  dimethoxythesinic 
acid  with  m.  p.  125-126*. 

Found ‘7o:  C  69.13,  68.93;  H  6.29,  6.39.  ‘KOCH3)  29.91,  30.15.  M  368,  357.  C22H24O6.  Calculated  <70: 

C  68.73;  H  6.29;  4(OCH3)  32.28.  M  384.4. 

Ditncthoxythcsinic  acid  (IV).  A  mixture  of  3  g  of  dimethyl  dimethoxydiesitiate  widi  30  ml  of  207o  potassium 
hydroxide  solution  in  methyl  alcohol  was  heated  under  reflux  for  two  hours.  After  distilladon  of  the  alcohol,  the 
residue  was  dissolved  in  100  ml  of  water  and  filtered;  die  precipitate  of  dimethoxythesinic  acid  which  formed 
after  acidification  widi  l(f/o  hydrochloric  acid  was  filtered,  washed  with  water,  and  dried.  We  obtained  1.8  g  of 
dimethoxythesinic  acid  with  rn.  p.  250-251*  (from  alcohol). 

Found  *70:  C  67.24;  H  5.67.  C20H20O6.  Calculated ‘7<j:  C  67.44;  H  5.61. 

Preparation  of  thesinic  acid  by  photodimerization  of  p-hydroxycinnamlc  acid.  Four  g  of  precipitated  p- 
hydroxycinnamic  acid  was  placed  in  a  tliin  layer  on  a  rack  with  dimensions  30  x  60  cm  and  submitted  to  the 
action  of  direct  sunlight  for  three  days  (from  10  A.M.  to  2  P.M.  in  the  month  of  May).  The  irradiated  product  was 
carefully  ground  in  a  mortar  each  day.  At  the  end  of  tlte  irradiation,  the  mixture  of  acids  (2.6  g)  was  extracted 
with  ether  to  complete  removal  of  unchanged  p-hydroxycinnamic  acid.  The  portion  which  was  insoluble  in  ether 
(m.  p.  330-340*)  was  dissolved  in  50  ml  of  2%  sodium  hydroxide  solution,  tlie  solution  was  heated  witli  charcoal, 
and  filtered.  The  hot  filtrate  was  acidified  with  hydrochloric  acid  and  the  thesinic  acid  which  precipitated  was 
filtered  off,  washed  with  water,  and  dried.  We  obtained  1.45  g  of  acid  which  did  not  melt  up  to  360*  (yield  5(]f7o). 
I'or  identification  of  tliis  acid  as  tliesinic  acid  we  prepared  its  tetramethyl  ester  which  had  m.  p.  124-125*  and 
sliowed  no  depression  in  melting  point  with  a  mixture  of  tlie  dimethyl  ester  of  dimethoxytliesinlc  acid. 

Oxidation  of  dimethoxythesinic  acid.  To  a  solution  of  0.4  g  of  dimethoxythesinic  acid  in  50  ml  of  a  1'7'» 
soda  solution,  lieatccl  to  80*  and  stirred,  was  added  during  four  hours  1.6  g  of  potassium  permanganate.  The  man¬ 
ganese  dioxide  was  filtered  off  and  washed  with  hot  water.  The  precipitate  which  came  down  after  acidification 
of  tlie  filtrate  was  extracted  with  ether.  After  evaporation  of  tlie  ether  we  obtained  0.22  g  (61'’/o)  of  an  acid  with 
m.  p.  175-179*.  For  purification  of  tlie  acid  it  was  twice  sublimed  in  a  vacuum  to- give  0.15  g  of  acid  witli  m.  p. 
181-182*.  A  mixed  m.  p.  with  anisic  acid  melted  at  181.5-182*. 

_ Isomerization  of  thesinic  acid  by  the  action  of  acetic  anhydride  in  tlie  presence  of  sodium  acetate.  A 

mixture  of  1  g  of  thesinic  acid,  0.6  g  of  sodium  acetate,  and  5  nil  of  acetic  anliydride  was  boiled  for  1.5  hours, 
after  which  it  was  poured  into  50  ml  of  ice  water,  the  resulting  precipitate  was  filtered  off,  washed  with  cold 
water,  and  dissolved  in  50  ml  of  chloroform.  The  chloroform  solution  was  extracted  with  1  N  sodium  hydroxide 
solution  and  was  washed  with  water.  After  evaporation  of  the  chloroform  we  obtained  0.8  g  of  the  anhydride  of 
tlie  diacetyl  derivative  (V)  witli  m.  p.  186-187*. 

Found ‘7o:  C  65.96;  H  4.60.  C22Hi80;.  Calculated ‘yo;  C  66.50;  H  4.56. 


*  Melting  points  in  all  cases  uncorrected. 
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A  mixture  of  0.8  g  of  the  anhydride  with  50  ml  of  1  N  sodium  hydroxide  was  heated  to  full  solution  of  the 
precipitate.  After  cooling  tlie  solution  we  acidified  it  witlt  lOVo  hydrochloric  acid  and  filtered  the  resulting  pre¬ 
cipitate.  We  obtained  0.5  g  of  a  substance  with  m.  p.  281-285*.  After  recfystallization  from  water  ft  melted  at 
286*. 

Founder  C  65.97;  H  5.15.  M  312.  CjgHicOg.  Calculated  <70:  C  65.84;  H  4.91.  M  328.2. 

Dimetlioxydimethyl  ester  of  the  isomer  of  thesinlc  acid  (VIII).  To  a  solution  of  0.3  g  of  acid  with  m.  p. 

286*  in  1.7  ml  of  \^h  sodium  liydroxide  solution  was  added  0.65  g  of  dimetliyl  sulfate.  The  mixture  was  slowly 
heated  to  50*;  tills  resulted  in  cloudiness  and  evolution  of  an  oily  product  which  crystallized  on  cooling.  The 
crystals  were  filtered  off  and  dissolved  in  ether;  the  etlier  solution  was  washed  with  1  N  sodium  hydroxide  solution 
and  then  wiili  water.  After  evaporation  of  the  ether  solution  we  obtained  0.2  g  of  a  substance  with  m.  p.  116*. 
Determination  of  a  mixed  melting  point  of  this  ester  with  the  dimethyl  ester  of  dimethoxythesinlc  acid  (m.p.  125- 
126*)  gave  a  depression  to  105-110*. 

Diacetoxythesinic  acid  (VII).  A  mixture  of  0.5  g  of  thesinlc  acid  with  5  ml  of  glacial  acetic  acid  and  0.5  g 
of  acetic  anliydride  was  boiled  under  reflux  for  three  hours.  On  coolir^,,  the  reaction  mass  was  dissolved  in  ether 
and  the  ether  solution  was  extracted  with  a  water  solution  of  soda.  The  precipitate  of  diacetyl-derivative  which 
separated  after  acidification  of  the  water  layer  was  filtered  off,  washed  with  water,  and  dried.  We  obtained  0.4  g 
of  a  substance  with  m.  p.  239-241*  After  recrystallization  from  glacial  acetic  acid  the  substance  had  m.  p. 
248-250*. 

Found  *70:  C  63.84;  H  5.00.  CiiH^oOg.  Calculated  C  64.08;  H  4.87. 

A  mixture  of  0.1  g  of  diacetoxythesinic  acid  with  5  ml  of  a  1  N  solution  of  sodium  hydroxide  was  heated 
for  two  hours  at  60*.  After  cooling,  the  solution  was  acidified  witli  lO^o  hydrochloric  acid,  and  the  resulting  pre¬ 
cipitate  was  filtered  off.  We  obtained  0.05  g  of  acid  which  did  not  melt  up  to  360*  The  tetramethyl  ester  of 
thb  acid  had  a  m.  p.  of  125-126*  and  gave  no  depression  with  the  dimethyl  ester  of  dimethoxythesinlc  acid. 

Isomerization  of  thesinlc  acid  by  fusing  with  potassium  hydroxide.  A  mixture  of  1  g  of  thesinlc  acid  and 
3  g  of  potassium  hydroxide  was  well  blended  and  lieaied  ten  minutes  at  250*  In  a  silver  crucible.  At  the  end  of  tlie 
heating,  the  melt  was  cooled,  dissolved  in  30  ml  of  water,  and  after  acidification  witli  hydrochloric  acid,  the  so¬ 
lution  was  extracted  with  etlier.  The  crystalline  residue  after  evaporation  of  the  ether  was  twice  recrystallized 
from  water  with  charcoal.  We  obtained  0.55  g  of  acid  (DC)  with  m.  p.  272*.  The  mixture  with  the  isomeric  acid 
which  melted  at  286*  melted  over  the  range  262-267*. 

Found  C  65.61;  H  5.00.  M  325.4.  CigHijOe.  Calculated  %:  C  65.84;  H  4.91;  M  328.2. 

SUMMARY 

1.  We  have  carried  out  the  photochemical  transformation  of  p-hydroxycinnamic  acid  to  thesinlc  acid. 

2.  We  have  shown  that  thesinic  acid  under  the  action  of  acetic  anhydride  In  the  presence  of  sodium  acetate 
or  by  fusion  with  potassium  hydroxide  can  be  transformed  into  isomeric  acids  with  m.  p.  286*  and  272*,  respectively. 

3.  On  the  basis  of  tlie  results  of  our  investigation  we  have  suggested  that  thesinic  acid  Is  one  of  the  eleven 
possible  isomers  of  truxillic  or  truxinic  acids,  containing  a  hydroxyl  group  In  the  para-position  of  both  benzene  rings. 
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In  a  previous  communication  [1]  we  presented  data  indicating  that  thesinic  acid,  which  was  isolated  from 
tJie  hydrolysis  products  of  the  alkaloid  thesine  [2],  was  one  of  the  truxillic  or  truxinic  acids  containing  hydroxyl 
groups  in  the  para  positions  of  both  phenyl  rings. 

Two  dihydroxydiphenylcyclobutancdicarboxylic  acids  have  been  described  in  the  literature:  p,p*-dihydroxy“ 
a -truxillic  acid  with  m.  p.  272*  and  x,x’-dihydroxy-a -truxillic  acid  with  m.  p.  >360*.  These  acids  were  obtained 
by  reduction  of  the  nitro  groups  and  subsequent  replacement  of  the  amino  groups  by  hydroxy  groups  in  tlie  two  iso¬ 
meric  diniiro  acids  that  were  produced  as  a  result  of  the  nitration  of  a -truxillic  acid  [3,  4]. 

Witli  respect  to  tlte  melting  point  of  the  acid  (above  360*)  and  of  the  diacetate  (248-250*),  and  also  the 
difficulty  of  solution  in  most  organic  solvents,  thesinic  acid  corresponds  to  the  x,x’-dihydroxy-a -truxillic  acid. 

In  order  to  establish  the  identity  of  these  compounds,  we  repeated  tlie  synthesis  of  the  acid  described  In  the 
literature  as  x,x’-dihydroxy-a  -truxillic  acid.  In  view  of  the  fact  that  the  conditions  for  carrying  out  the  experi¬ 
ments  are  not  given  in  the  literature  and  since  the  results  that  we  obtained  contradicted  the  gencra.'y  accepted 
data  given  in  the  principal  reference  books  [5],  we  shall  give  a  detailed  description  of  our  experiments. 


(C.n.),C,lI.(UOOII),  (C,II,),C,H.(COOCH,), 


(CH,COOC,II,),C,It.(COOII),  (OIIC,1I,),C,II,(COOII), 
(VI)  (V) 


(cn,oc,n.),c,ii,(coocn,), 

(VII) 


The  nitration  of  a -truxillic  acid  (I)*  was  carried  out  witli  nitric  acid  (d  1.5)  under  conditions  described  in 
tlie  literature  [3,  4].  In  this  manner  a  dinitro  acid  (II)  was  obtained  with  properties  corresponding  to  the  x,x*- 


•  a -Truxillic  acid  was  prepared  by  pliotodimerization  of  trans-cinnamlc  acid  [6], 


511 


dlnfiro-a-acld  [3,  4].  To  characterize  it,  tlic  dimethyl  ester  (III)  was  prepared.  Wlien  the  acid  (II)  was  oxidized 
with  permanganate  in  aqueous  solution,  p-nitrobenzoic  acid  was  obtained  in  547o  yield,  thus  indicating  tliat  the 
nltro  group  was  in  die  para  position  In  both  phenyl  rings. 

The  p,p'-dinitro  acid  (II)  was  reduced  catalytically  or  with  tin  and  hydrochloric  acid  [3].  The  diamIno 
acid  (IV)  was  isolated  as  the  crystalline  sulfate  or  as  die  amorphous  free  diamino  acid,  having  no  characteristic 
melting  point. 

We  were  not  able  to  diazotizc  the  diamino  acid  (IV)  by  the  usual  methods.  In  order  to  accomplish  this  we 
dissolved  die  dihydrochlorldc  of  the  diamino  acid  in  concentrated  sulfuric  acid  and  then  added  solid  sodium  nitrite. 
The  dihydroxy  acid  (V)  obtained  by  decomposition  of  the  diazonium  salt  was  a  finely  crystalline  precipitate  melt¬ 
ing  above  3G0*  (decomp.),  very  slightly  soluble  in  water  and  organic  solvents.  We  prepared  its  diacetyl  derivative 
with  m.  p.  245-246*  and  its  tetramethyl  ester  widi  m.  p.  124-125*;  these  compounds  melted  widiout  temperature 
depression  when  mixed  with  the  diaectate  and  tlic  tetramethyl  ester,  respectively, of  tliesinic  acid.  Consequently, 
tlieslnic  acid  is  identical  with  acid  (V),  described  in  die  literature  as  x,x’-diItydroxy-a-truxIllic  acid,  which,  as 
we  have  shown  above,  is  p,p'-dihydroxytruxillic  acid.  However,  the  a -configuration  of  thesinic  acid  remained 
unproved,  since  p,p’-diIiydroxy-a-truxillic  acid  has  been  described  in  the  literature  as  having  a  melting  point 
of  272*  [3,  4]. 

To  establish  die  spatial  configuration  of  diesinic  acid  we  replaced  the  amino  groups  in  the  corresponding 
diamino  acid  (IV)  widi  hydrogen  by  means  of  die  diazo  reaction.  As  a  result  of  this  conversion,  we  obtained  an 
acid  diat  gave  no  depression  in  melting  point  when  mixed  with  a-tiuxillic  acid  (I).  Since  decomposition  of  die 
diazonium  salt  widi  nitric  acid  yielded  methanol,  the  dimethyl  ester  of  acid  (VIII)  was  obtained  at  the  same  time; 
this  ester  melted  at  171*  and  also  showed  no  depression  in  melting  point  when  mixed  with  a  sample  of  die  dimethyl 
ester  of  a-truxillic  acid.  Tlie  replacement  of  the  amino  groups  by  die  hydroxy  group  was  carried  out  under  milder 
conditions  tlian  iliose  mentioned  above  for  die  replacement  of  the  amino  groups  by  hydrogen,  making  it  unlikely 
diat  isomerization  occurred  in  diis  stage  of  die  process.  The  data  obtained  permit  the  conclusion  diat  the  synthesis 
of  diesinic  acid  from  a-truxillic  acid  proceeds  without  change  in  the  spatial  configuration,  and  that  this  acid  is 
p,p*-dihydroxy-a -truxillic  acid.  On  this  basis  we  can  consider  as  established  the  structure  of  the  alkaloid  diesine 
(2)  that  represents  it  as  the  di-D-isoretronccanyl  ester  of  p,p*-dihydroxy-a-u:uxillic  acid  (IX). 

It  has  been  shown  previously  [2]  that  a  second  alkaloid  isolated  from  Thesium  minkwitziantim  -  ihesinine 
(X)-  is  die  D-isoretronecanyl  ester  of  p-hydroxycinnamic  acid.* 


cu 

(X) 


CHjOCOCH  =  CH-^^OH 


OH 


The  simultaneous  finding  in  the  plant  of  die  esters  of  p-hydroxycinnamic  acid  and  p,p'-dihydroxy-a- 
truxillic  acid  compels  us  to  suggest  diat  thesinine  and  thesinc  represent  different  steps. in  the  biosynthesis  of  the 
alkaloid  in  die  plant.  It  seems  probable  that  the  p-hydroxycinnamic  acid  (or  its  ester)  first  formed  is  further 
dimerized  to  p,p*-dihydroxy-a-truxillic  acid  (or  its  ester).  One  piece  of  evidence  in  confirmation  of  this  sugges 
tion  is  our  experiments,  which  have  shown  the  possibility  of  photochemical  conversion  of  p-hydroxycinnamic 
acid  to  p,p'-dihydroxy-a -truxillic  acid  (thesinic  acid)  [1].  A  similar  process  probably  takes  place  in  die  living 
plant  under  the  influence  of  sunlight.  Odier  confirmatory  evidence  of  this  route  for  the  formation  of  thesine  in 
the  plant  is  the  fact  that  the  qualitative  makeup  of  die  alkaloids  in  the  plant  changes  during  different  periods  of 
vegetation.  During  the  blooming  period  the  plant  contains  both  thesine  and  thesinine,  while  during  the  dormant 
period  of  die  plant  the  presence  of  thesinine  cannot  be  detected  [2]. 

•Up  to  that  time,  in  die  hydrolysis  of  many  alkaloids  of  the  l-methylpyrrolisidine  series  only  aliphatic  hydroxy 
acids  had  been  isolated,  and  no  acids  containing  aromatic  or  alicyclic  systems  had  been  found. 
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In  establishing  tlie  structure  of  tlicsinic  acid  we  discovered  that  in  the  existing  literature  on  substituted 
truxillic  acids  tJicre  are  substantial  errors  which  have  entered  into  the  principal  reference  books  [6].  In  parti¬ 
cular,  it  was  established  tliat  the  acid  (m.  p.  272*)  described  as  p,p’-diliydroxy-a-truxillic  actually  is  not  that 
compound,  and  also  that  there  is  doubt  concerning  tlte  spatial  configuration  of  the  corresponding  dinitro-  and 
diamino  acids.  The  question  of  the  configuration  of  die  substituted  truxillic  acids  will  be  considered  in  later 
communications. 


EXPERIMENTAL 

_ p,p*-Dinitro-a -truxillic  acid  [3].  To  100  ml  of  nitric  acid  (d  1.5)  cooled  to  0*  was  added,  with  stirring, 

20  g  of  a -truxillic  acid,  while  die  temperature  was  not  permitted  to  go  above  3-5*.  In  40  minutes  the  reaction 
mixture  was  poured  into  a  liter  of  ice  water,  and  the  precipitate  was  filtered  off  and  washed  widi  water*.  22.6  g  of 
a  mixture  of  dinitro  acids  was  isolated  with  m.  p.  270-283*,  and  from  this  material  we  obtained,  by  boiling  3  ' 

times  widi  double  the  amount  of  methanol,  13.6  g  (52.5^!^)  of  p,p*-dinin:o-a -truxillic  acid  with  m.  p.  293-296* 
(decomp.);  the  melting  point  after  reprccipitation  was  296-298*  (decomp.).  The  methanolic  mother  liquors 
after  removal  of  the  mixture  of  dinitro  acids  were  retained  for  isolation  of  the  isomeric  dinitro  acid  from  them,* 

Found '7o:  N  7.44.  CigHuOgNi.  Calculated  N  7.25. 

Oxidation  of  p,p*-dinitro-a -truxillic  acid.  To  a  solution  of  0.6  g  of  p,p*-dinitro-a- truxillic  acid  in  20  ml 
of  0.25  N  sodium  hydroxide  was  added  at  80*,  with  stirring,  over  a  period  of  3  hours,  a  solution  of  2.5  g  of  potassium 
permanganate  in  50  ml  of  water,  after  wliich  stirring  was  continued  at  the  same  temperature  for  2  hours  more.  The 
filtrate  after  removal  of  ilie  manganese  dioxide  was  acidified  witli  Kfjo  hydrochloric  acid  solution,  and  die  pre¬ 
cipitate  that  separated  was  extracted  with  etJier.  After  evaporation  of  the  etlier,  0.34  g  of  an  acid  witli  m.  p. 
228-229*  remained.  The  acid  after  distillation  in  vacuo  (0.28  g)  melted  at  239-240*.  A  mixed  sample  with  p- 
nitrobcnzoic  acid  showed  no  depression  in  melting  point. 

Dimethyl  ester  of  p,p*-dinitro-a -truxillic  acid.  To  a  solution  of  0.76  g  of  p,p’-dinitro-a-truxillIc  acid 
in  4  ml  of  1  N  sodium  hydroxide  was  added,  with  stirring,  0.4  g  of  dimethyl  sulfate.  After  a  short  period  of  heat¬ 
ing  at  50*,  crystals  of  die  dimethyl  ester  separated  out  and  were  dissolved  in  chloroform  and  the  chloroform  so¬ 
lution  was  washed  widi  1  N  sodium  hydroxide  solution  and  with  water,  and  dried  with  sodium  sulfate.  After  the 
chloroform  was  distilled  off,  0.4  g  of  die  dimetliyl  ester  of  p,p’-dinitro-a -truxillic  acid  was  obtained  with  m.  p. 
226*  (from  a  mixture  of  chloroform  and  methanol).  The  material  was  difficultly  soluble  In  water  and  alcohol, 
readily  soluble  In  chloroform. 

Found  *70;  N  6.84.  CjoHigOgNj.  Calculated  N  6.76. 

p,p*-Diamino-a-truxillic  acid,  a)  Reduction  of  die  dinitro  acid  with  tin  [3].  To  a  mixture  of  7.6  g  of 
p,p'-dinitro-a-ttuxillic  acid  with  m.  p.  293-296*  and  17  g  of  metallic  tin  was  added  60  ml  of  an  iBlo  solution 
of  hydrochloric  acid.  The  mixture  was  heated  on  a  boiling  water  bath  until  solution  was  complete,  after  which 
heating  was  continued  for  30  minutes  more.  \Vlien  die  heating  period  was  ended,  die  solution  was  diluted  with 
water,  and  the  tin  salt  was  precipitated  by  passing  througli  hydrogen  sulfide.  The  filtrate  after  removal  of  the 
stannous  sulfide  was  acidified  with  a  lOlo  solution  of  hydrochloric  acid  and  evaporated  to  dryness  in  vacuo.  The 
dry  residue  was  extracted  with  anJiydrous  alcohol,  and  die  alcoholic  extracts  were  evaporated  to  a  volume  of  30  ml. 
The  precipitate  of  inorganic  salts  that  separated  out  was  filtered  off  and  the  filtrate  was  evaporated  to  the  con¬ 
sistency  of  a  thick  sirup.  The  crystalline  mass  of  dihydrochloride  of  p,p*-diamino-a-uuxillic  acid  obtained 
after  cooling  was  dissolved  in  30  ml  of  water,  and  1  ml  of  sulfuric  acid  (d  1.84)  was  added  to  the  solution.  Upon 
standing  in  die  cold,  well  formed  crystals  of  die  sulfate  of  p,p'-diamino-a- truxillic  acid  precipitated  and  were 
filtered  off,  washed  with  water,  and  dried.  2.5  g  of  precipitate  was  obtained,  which  did  not  melt  up  to  300*. 

Found  *70:  5  7.58,  7.60.  CigHigO^Nj  •  H2SO4.  Calculated ‘y®:  S  7.56. 

From  the  filtrate  remaining  after  removal  of  the  sulfate  of  die  diamino-a -truxillic  acid  we  obtained  by 
neutralization  with  a  10*70 solution  of  ammonia  2.0  g  of  free  p,p'-diamino-a-truxillic  acid. 

Found  *70:  N  8.29.  CigH,804N2.  Calculated  *70:  N  8.53. 


•The  question  of  the  structure  of  this  acid  will  be  considered  insubsequent  communications  of  this  series. 
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b)  Reduction  of  the  diniiro  acid  in  the  presence  of  Raney  nickel  catalyst.  To  a  solution  of  4  g  of  p,p*-di- 
nltxo-a-truxillic  acid  in  GO  nil  of  0.5  N  sodium  hydroxide  solution  was  added  10  g  of  Raney  nickel  catalyst  and 
0.05  g  of  cliloroplatinic  acid.  The  reaction  mixture  was  shaken  in  an  atmosphere  of  hydrogen  for  6  hours  until 
absorption  ceased  (1300  ml  of  hydrogen  was  absorbed).  The  solution  was  filtered,  acidified  with  l07o  hydrochlorie 
acid  solution,  and  evaporated  to  dryness  on  a  water  bath.  The  dry  residue  was  extracted  with  anliydrous  alcohol, 
and  after  the  solvent  was  distilled  off,  2.3  g  of  the  diliydrochloride  of  p,p'-diamino-a-truxillic  aeid  was  obtained. 

_p,p*-Diliydroxy-a_-triixillic  acid  (thesinic  acid).  To  7  ml  of  sulfuric  acid  (d  1.84)  cooled  to  0*  was  added 
slowly  0.8  g  of  tlie  diliydrocliloride  of  p,p’-diamino-a -truxillic  acid,  and  then  0.35  g  of  sodium  nitrite  wits  intro¬ 
duced  in  small  portions.  The  solution  of  diazo  compound  obtained  was  kept  at  0*  for  20  minutes,  and  then  poured 
Into  15  ml  of  ice  water.  In  20  minutes  the  solution  was  slowly  heated  to  boiling;  at  40*  the  vigorous  evolution  of 
nitrogen  began,  accompanied  by  tlie  separation  of  a  precipitate.  After  cooling,  the  precipitate  was  filtered  off 
and  washed  witli  water  and  alcohol.  0.3  g  of  p,p'-dihydroxy-a -truxillic  acid  was  obtained,  which  did  not  melt 
up  to  3G0*.  The  acid  was  purified  by  rcprecipitating  it  by  the  addition  of  dilute  hydrochloride  acid  to  aqueous 
solutions  of  its  sodium  salt. 

Dimethyl  ester  of  p.p*-dimethoxy-a -truxillic  acid  was  obtained  in  a  manner  similar  to  the  dimethyl  ester 
of  dimetlioxyihesinic  acid  [1].  M.  p.  124-125°  (from  ether).  A  mixture  of  the  product  witli  the  dimethyl  ester  of 
dimethoxythesinic  acid  also  melted  at  124-125*. 

Found‘d:  C  G8.52;  H  6.36.  Cijllj^Og.  Calculated ‘7o:  C  68.73;  H  6.29. 

_ Diacetyl  derivative  of  p,p*-diliydroxy-a -truxillic  acid  was  obtained  in  a  manner  similar  to  the  diacetyl 

derivative  of  thesinic  acid  [1].  M.  p.  245-246°  (from  glacial  acetic  acid).  A  mixture  with  the  diacetyl  derivative 
of  thesinic  acid  melted  without  depression. 

Found‘d:  C  63.66;  114.87.  CjiUjoO,.  Calculated  *70;  C  64.08,  H  4.87. 

Replacement  of  the  amino  groups  in  p,p*-diamino-a-truxillic  acid  by  hydrogen.  To  a  mixture  of  2.5  g  of 
p,p*-diamino-a -truxillic  acid  and  10.5  ml  of  water  was  added,  with  cooling  to  5°,  2.5  ml  of  nitric  acid  (d  1.38). 
To  tltc  solution  obtained  was  added  at  0*  a  solution  of  1.05  g  of  sodium  nitrite  in  2  ml  of  water.  The  crystals  of 
the  nitrate  of  diazo-a- truxillic  acid  iliat  precipitated  were  quickly  filtered  off,  washed  with  ice  water,  pressed  out 
well,  and  transferred  in  small  portions  into  40  tnl  of  boiling  anliydrous  methanol,  in  which  was  dissolved  0.12  g 
of  metallic  sodium.  When  tlie  evolution  of  nitrogen  was  ended,  the  solution  was  boiled  for  10  minutes,  the  solvent 
was  distilled  off,  die  residue  was  treated  with  20  ml  of  1  N  sodium  hydroxide  solution,  and  the  insoluble  precipitate 
was  filtered,  washed  widi  water,  and  dried;  0.3  g  of  a  neutral  material  was  obtained.  The  filtrate  was  treated 
with  carbon,  after  which  it  was  acidified  widi  lO^o  hydrochloric  acid  solution.  The  acid  that  precipitated  was 
washed  with  water,  dried,  and  extracted  widi  edicr;  the  precipitate  insoluble  in  ether  was  crystallized  three  times 
from  alcdiol.  0.4  g  of  acid  was  obtained  with  m.  p.  271-272*.  A  mixture  of  this  acid  with  a  sample  of  a-truxillic 
acid  showed  no  depression  in  melting  point,  and  melted  at  272-273*. 

The  0.3  g  of  neutral  material  was  dissolved  in  4  ml  of  chloroform,  and  the  solution  was  filtered,  washed 
with  1  ml  of  1  N  sodium  hydroxide  solution,  and  twice  widi  water  (2  ml  each  time).  The  crystals  remaining  after 
evaporation  of  the  chloroform  were  washed  with  mcdianol.  0.1  g  of  a  material  (long  needles)  with  m.  p.  170-171* 
was  obtained.  A  mixed  sample  widi  dimediyl  ester  of  a-truxillic  acid  gave  no  depression  in  melting  point. 

SUMMARY 

*  1.  Thesinic  acid  is  p,p'-dIhydroxy-a-truxillic  acid. 

2.  The  alkaloid  diesine,  isolated  from  die  plant  Thesium  minkwitzianum.  is  the  di-D-lsoretronecanyl 
ester  of  p,p*-dihydtoxy-a-truxillic  acid. 

3.  On  die  basis  of  the  fact  that  the  alkaloid  thesinine,  which  is  the  D-isoretronecanyl  ester  of  p-hydroxy- 
cinnamic  acid,  was  isolated  from  die  plant  at  the  same  time,  possible  routes  for  die  biosynthesis  of  thesine  and 
diesinine  have  been  suggested. 

4.  An  acid  with  m.  p.  272*  described  in  the  literature  as  p,p*-dihydroxy-a- truxillic  acid  actually  does  not 
belong  to  the  derivatives  of  the  a -series. 
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REACTIONS  OF  HYDRAZINE  DERIVATIVES 
XXVII.  REDUCTION  AND  ALKYUTION  OF  PYRA20LINES 
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In  the  literature  [1]  it  is  indicated  that  when  1-phenyl-  and  1-tolylpyrazoles  are  reduced  with  sodium  in 
aleotiol,  there  occurs,  in  addition  to  the  formation  of  pyrazolines,  die  hydrogenolysis  of  the  bond  between  the 
nitrogen  atoms  widi  die  production  of  1,3-diamines.  Recently,  A.  P.  Terent'ev  and  S.  M.  Gurvich  [2]  reduced 
3-cyanopyrazolitie  widi  sodium  in  butyl  alcohol  and  obtained  the  corresponding  txiamine.  However,  there  are 
data  indicating  diat  4,4-dimcthyl-5-isopropylpyrazoline  is  stable  toward  the  action  of  sodium  in  boiling  alcohol 
and  of  sodium  amalgam  [3].  l-Phenyl-3-alkyl-5-arylpyrazolines  also  arc  not  reduced  by  sodium  amalgam  [4]. 

We  set  up  a  scries  of  experiments  on  the  effect  of  various  reducing  agents  on  the  pyrazolines.  When  3,5,5- 
trlmediyl-l-phcnylpyrazoline  was  heated  widi  zinc  in  hydrochloric  acid  for  12-14  hours,  it  was  recovered  un¬ 
changed.  Organomagnesium  compounds  (methyl  magnesium  iodide,  allyl  magnesium  bromide,  and  benzyl  magne¬ 
sium  bromide)  did  not  reduce  3,5,5-trimethyl-l-phcnylpyrazoline  or  1, 3,5,5- teuametJiylpyrazolinc  and  did  not 
add  to  diese  pyrazolines  when  heated  in  edicr  solution  for  4-5  hours.  Increasing  die  reaction  temperature  (by  using 
toluene  as  the  solvent)  also  did  not  give  positive  results.  In  our  furdier  wak  we  made  use  of  this  observation  and. 
in  order  to  avoid  the  presence  of  phenylhydrazonc  in  the  starting  3,5,5-trimethyl-l-phenylpyrazoline  we  first 
reacted  die  starting  pyrazoline  with  methyl  magnesium  iodide.  When  3,5,5-trimethyl-l-pyrazoline  was  reduced 
with  sodium  in  butyl  alcohol,  die  starting  material  was  unchained.  We  were  not  able  to  reduce  3-methyl-l,5- 
diphenylpyrazoline  and  3,5,5- trimethyl-l-phenylpyrazolinc  in  ethyl  alcohol  under  the  same  conditions.  However, 
when  sodium  in  butyl  alcohol  acted  on  3,5,5-trimethyl-l-phenylpyrazoline  and  1,3,5-uiphenylpyrazoline,  we 
observed  that  aniline  was  split  out  and  a  hydrocarbon  fraction  was  obtained.  In  particular,  aniline  and  1,3-di- 
plienylpropanc  were  isolated  from  the  reduction  products  of  1,3,5-ttiphenylpyrazoline. 

j  N#/C  H  OH 

A  |/Cc»5  NlIs-fCollsNHa  +  CeHsCIIzCHaCHjC^Hs 

\n/ 

I 

«.  Ce^s 

Thus,  the  pyrazolines  proved  to  be  rather  resistant  to  reduction,  and  die  reduction  of  the  carbon- nitrogen 
double  bond  took  place  only  for  certain  l-phenylpyrazolines  under  more  severe  conditions  (butyl  alcohol),  while 
hydrogenolysis  of  the  nitrogen- nitrogen  bond  and  splittii^  out  of  aniline  occurred  simultaneously. 

It  has  been  shown  previously  that  the  pyrazolines  are  resistant  to  reduction  by  formic  acid  [5].  In  addition, 
there  is  evidence  from  German  audiors  that  when  hydrazine  is  heated  with  formalin  and  formic  acid  under  the 
ordinary  conditions  for  the  Leuckart  reaction,  rupture  of  the  nitrogen- nitrogen  bond  occurs  widi  die  formation  of 
mono-,  di-,  and  trimethylaminc  [6).  Our  experiments  showed  that  3,5,5-trimethyl-l-formylpyrazoline  in  the 
presence  of  an  excess  of  anhydrous  formic  acid  does  not  undergo  the  Leuckart  reaction  with  isobutyraldehyde 
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and  Isovaleraldchydc  (1-alkylpyrazoUnes  were  not  found  In  the  products,  and  the  starting  pyrazoline  was  isolated 
unchanged  even  after  40  hours  heating)..  Similar  results  were  obtained  witli  cyclopentanone.  We  also  attempted 
unsuccessfully  to  alkylate  4,4-dlmethyl-5-lsopropylpyrazoline  by  Leuckart’s  method  witli  the  same  aldehydes. 
However,  the  reaction  proceeded  normally  with  benzaldchyde,  and  In  the  case  of  3,5,5-uimethylpyrazollne  a 
30^0  yield  of  3,5,5-trimcihyl-l-benzylpyrazoline  (I)  was  obtained.  The  structure  of  this  compound  (I)  was  con¬ 
firmed  by  comparison  of  Its  constants  with  the  compound  prepared  earlier  by  aiiotlier  method  [7],  and  also  by  Its 
synthesis  from  benzylhydrazine  and  mesityl  oxide. 


Cun5Gll2NHN!l2  +  Cll3— C— CIl 

•  B  CII3 - 


CII- 


o  c 


^Cll3 


Cllj 


N  )/ 


,cn3 


^•^^Cll3  +  Coll:.CHO  -f  IICOOII 


.  CM, 
N  1/  ’ 

\N/\cn3 

/  Clli 

I 

C0M5 
(1) 


We  also  carried  out  the  confirmatory  syntliesis  of  5-mctliyl-3,5-dicthyl-l-bcnzylpyrazoline  from  homomesltone 
and  benzylhydrazine. 

In  a  similar  way,  l.e.,  by  the  reaction  of  formyl  derivatives  of  the  pyrazolines  with  benzaldeliyde  and  cum- 
aldehyde,  we  obtained  a  number  of  substituted  1 -bcnzylpyrazolines  in  30  to  SOVo  yield.  Wlien  pyrazolines  with  an 
unsubstituted  4  position  were  used  in  the  reaction,  tlien  the  yield  was  considerably  decreased  and  tar  formation  was 
observed,  apparently  as  a  result  of  condensation  of  the  benzaldeliyde  at  the  expense  of  the  hydrogen  atom  In  the 
4  position  of  the  ring.  There  Is  reference  to  this  sort  of  condensation  in  the  literature  [8]. 

Thus,  die  use  of  the  Leuckart  reaction  for  the  benzylation  of  pyrazolines  is  of  interest  for  preparative  pur¬ 
poses,  since  die  yields  from  direct  alkylation  of  the  pyrazolines  do  not  exceed  50f7o.  As  regards  the  1-formyl- 
pyrazolincs  necessary  for  tliis  reaction,  tliey  arc  produced  directly  by  die  reaction  of  aldazines  and  kctazlncs  with 
formic  acid  [5,  9],  and  in  many  instances  arc  more  readily  available  than  die  pyrazolines  themselves.  It  should 
be  noted  diat  for  reasons  that  were  not  clear,  we  were  unable  to  carry  out  die  Leuckart  reaction  between  4,4-dl- 
mcdiyl-5-isopropylpyrazolinc  and  anisaldchyde. 

EXPERIMENTAL 

Reduction  of  pyrazolines  with  sodium  in  butyl  alcohol.  11.5  g  of  metallic  sodium  was  placed  In  a  flask 
equipped  with  a  copper  reflux  condenser,  then  a  solution  of  19  g  of  3,5.5-trimctliyl-l-phenylpyrazolinc  in  150  ml 
of  anhydrous  butyl  alcoliol  was  poured  in  quickly  and  the  mixture  was  heated  to  160*  on  an  oil  bath.  After  all 
of  die  sodium  had  dissolved,  the  reaction  products  were  distilled  with  superheated  steam  into  hydrochloric  acid. 

The  butyl  alcohol  was  steam-distilled  off  from  the  hydrochloric  acid  solution  and  the  residue  in  the  distilling  flask 
was  evaporated  on  a  water  badi,  dicn  made  strongly  alkaline,  extracted  widi  etlier,  dried  with  anhydrous  potassium 
carbonate,  and  distilled  in  vacuo.  5.2  g  (56.fr/o)  of  aniline  was  obtained  with  b.  p.  67-73*  (10  mm),  n*°D  1.5280; 
acetanilide  m.  p.  108-109*.  The  latter  did  not  give  any  depression  in  melting  when  mixed  with  a  sample  of  known 
structure. 

In  a  similar  manner  11  g  of  1,3,5-triphenylpyrazoline  was  reduced.  4.1  g  (56.S^o)  of  1,3-diphenylpropane 
was  obtained. 

B.  p.  144-146*  (10  mm),  n*®D  1.5756,  d*'’4  1.00G7,  MRq  64.39;  calc.  64.27. 

Literature  data  [10]:  b.  p.  298-299*,  d^®4  1.0071,  n*°D  1.5760. 

From  the  acid  residue  we  obtained  after  evaperation  and  recrystallization  2.3  g  (67.T7o)  of  aniline  hydrochloride 
with  m.  p.  165-167*. 

3,5,5-Trimcthyl-l-formylpyrazoline  (II).  To  47.3  ml  of  anhydrous  formic  acid  was  added,  over  a  period  of 
20-25  minutes,  112  g  of  the  azine  of  acetone,  and  the  mixture  was  allowed  to  stand  overnight.  Then  it  was  made 
strongly  alkaline  with  a  concentrated  aqueous  solution  of  ammonia  and  extracted  tliree  times  with  ether.  The  ex¬ 
tract  was  dried  with  potassium  carbonate,  the  ether  was  distilled  off,  and  the  residue  was  distilled  in  vacuo.  64  g 
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(407o)  of  tlie  pyrazolinc  (II)  was  obtained. 

B.  p.  91-92’  (6  mm),  n”D  1.4885,  1.0127,  MRp)  39.92;  calc.  39.47. 

Found‘d:  €  59.93,  59.96;  H  8.57,  8.53.  CtHijONj.  Calculated €  59.97;  H  8.62. 

3,5,5-Trimctl)yl-l-bcnzylpyrazoliiie  (I).  A  mixture  of  28  g  of  l-formyl-3,5,5-trimetliylpyrazollne,  26.5  g 
of  benzaldcliydc,  and  23  g  of  anliydrous  formic  acid  was  refluxed  for  35-40  hours.  After  the  reaction  mixture  had 
cooled,  it  was  treated  with  concentrated  aqueous  alkali  solution  and  extracted  with  ether.  The  extract  was  dried 
with  anliydrous  magnesium  sulfate,  tlie  etlier  was  distilled  off,  and  tlie  residue  was  distilled  in  vacuo.  12.5  g  (3Cf7'>) 
of  ilic  pyrazolinc  was  obtained. 

B.  p.  142-145*  (10  mm),  n*®D  1.5275,  0^4  0.9887,  MR^  63.07.  CjjHigNj.  Calculated  62.47.' 

The  picrate  melted  at  178*  (from  alcohol)  [7]. 

For  the  confirmatory  synthesis  of  this  compound,  14.6  g  of  bcnzaldehyde  was  added  slowly  to  9.8  g  of  mesityl 
oxide,  and  tlte  mixture  was  heated  for  1  hour  on  a  water  bath.  The  oily  layer  was  separated,  dried  with  potassium 
carbonate,  and  distilled  in  vacuo.  8.4  g  (41.37o)  of  the  pyrazolinc  (I)  was  obtained. 

B.  p.  130-132*  (7  mm),  n*°D  1.5293,  d”^  0.9903,  MRd  63.03;  calc.  62.47. 

The  picrate  melted  at  177-178*  (from  alcohol).  It  gave  no  depression  In  melting  point  when  mixed  with 
tlte  picrate  dcscrilxid  above. 

5-Mcthyl-3,5-dicthyl-1  -  benzylpyrazolinc.  From  33.6  g  of  l-formyl-5-methyl-3,5-diethylpyrazolIne  [5] 
heated  wiili  bcnzaldehyde  and  formic  acid  we  obtained  16.0  g  (Ol^o)  of  the  pyrazolinc  (III). 

B.  p.  161-164*  (16  mm),  n”D  1.5251,  d”^  0.9820,  MRq  71.98;  calc.  71.91. 

Fouiid'^o:  N  12.07,  12.28.  CisIljjNj.  Calculated '7o:  N  12.16. 

The  picrate  melted  at  127-128*  (from  alcohol). 

Found^;  N  14.78,  14.68.  CJ1H25O7N5.  Calculated  *70;  N  15.24. 

For  the  confirmatory  synthesis  of  tliis  pyrazolinc  we  boiled  on  a  water  bath  for  3  hours  a  mixture  of  25.2  g 
of  homomesitone  and  24.4  g  of  benzylhydrazinc.  The  oily  layer  was  separated  and  heated  for  1  hour  witli  dilute 
hydrochloric  acid.  The  mixture  was  made  alkaline,  extracted  with  ether,  and  dried  with  potassium  carbonate. 

The  ctlicr  was  distilled  off  and  tlte  residue  was  distilled  in  vacuo.  17.2  g  (37.47o)  of  tlie  pyrazolinc  was  obtained. 

B.  p.  150-151*  (8  mm),  n^D  1.5259,  d*°4  0.9785,  MR^,  72.27.  CijHjjNj.  Calculated  71.91. 

The  picrate  melted  at  127.5-128.5*  (from  alcohol).  It  gave  no  depression  in  melting  point  with  the  picrate 
described  above. 

4-lsopropyl-5-isohutyl-l-benzylpyrazoline.  From  39.2  g  of  l-formyl-4-Isopropyl-5-isobutylpyrazoline  [5] 
and  26.5  g  of  benzaldehyde  we  also  obtained  20.5  g  (397o)  of  the  pyrazolinc. 

B.  p.  182-185*  (13  mm),  n”D  1.5110,  d”4  0.9488,  MR^  81.55;  calc.  81.15. 

Found ‘7fl:  C  78.69;  78.62;  1110.37,10.19;  N  10.78,  10.64.  C^HjeNi.  Calculated  <70:  C  79.02;  H  10.15; 

N  10.85. 

4,4- Dimethyl- 5- isopropyl- 1  - benzylpyrazoline.  From  35  g  of  1- formyl-4, 4-dimethyl-5-isopropylpyrazolIue 
[5]  wc  obtained  34.3  g  (597o)  of  tlte  pyrazoline  by  a  method  similar  to  that  in  the  preceding  experiment. 

B.  p.  151-152*  (18  mm),  n^D  1.5092,  d”4  0.9563,  MR^,  72.08;  calc.  71.91. 

The  picrate  melted  at  144-145*  (from  alcohol)  [11). 

4-Ethyl-5-propyl-l- benzylpyrazoline.  From  33.6  g  of  l-formyl-4-eiliyl-5-propylpyrazolinc  [5]  we  obtained 
in  a  similar  manner  15.2  g  (3370)  01  tnc  pyrazoline. 

B.  p.  164-168*  (17  mm),  n*®D  1.5089,  d*“4  0.9607,  MR^  71.58.  CisH^Nj.  Calculated  71.91. 

The  picrate  melted  at  119-119.5*  (from  alcohol). 
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Found  €  54.98,  54.90;  H  4.92,  4.93;  N  15.06,  15.24.  CjiHjsOjNj.  Calculated ‘7o;  C  54.91;  H  5.49; 

N  15.24. 

4,4-Dimetliyl-5-lsopropyl-l-p-isopropylbenzylpyra7oline.  From  50.4  g  of  l-formyl-4,4-dlmetliyl-5-Iso- 
propylpyrazolinc  [5]  and  51.8  g  of  cumaldehydc  we  obtained  In  a  similar  manner  40.5  g  (49.07o)  of  the  pyrazollne. 

B.  p.  159- 162’  (8  mm).  n”D  1.5089,  d”^  0.9436,  MRjj  86.18.  Calculated  85.77. 

The  picrate  melted  at  120*  (from  alcohol). 

Found'Vo:  €  57.81,57.80;  116.41,6.30.  Cj^HjiOjNs.  Calculated  *70;  C  57.48;  H  6.23. 

3,5,5-Trlmetliyl-l-p-isopropylbenzylpyrazoline.  From  18  g  of  l-formyl-3,5,5-trlmetliylpyrazollne  and  30  g 
of  cumaldchyde  we  obtained  in  a  similar  manner  19  g  (48.77o)  of  the  pyrazollne  (VIIl). 

B.  p.  157.5-158*  (7  mm).  n*®D  1.5212,  d*®4  0.9634,  MR^  77.26.  C16H24N2.  Calculated  74.53. 

The  constants  did  not  change  after  5  hours  heating  of  the  compound  with  lff7o  hydrochloric  acid. 

Foundry*);  C  77.96,  77.96;  H  9.99,  10.10.  Ci6H24N2.  Calculated C  78.63;  H  9.89. 

The  picrate  melted  at  135*  (from  alcohol). 

Found '7o:  €  55.96,55.81;  115.82,5.71.  CjiHitOjNb.  Calculated^l/o:  C  55.81;  115.75. 

SU  MMAR  Y 

1.  It  has  been  found  that  when  some  1-phenylpyrazolines  arc  reduced  wltli  sodium  in  butyl  alcohol,  tlie  ring 
opens  with  the  splitting  out  of  a  molecule  of  aniline  and  deamination. 

2.  Pyrazolines  that  arc  not  substituted  on  the  nitrogen  atom  react  under  die  conditions  of  tlic  Lcuckart  re¬ 
action  with  aromatic  aldehydes  to  form  1-benzylpyrazolincs.  Widi  aliphatic  aldehydes  this  reaction  does  not 
occur.  Reduction  of  the  pyrazollne  ring  does  not  take  place  in  tliis  process. 
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REACTIONS  OF  HYDRAZINE  DERIVATIVES 


XXVIII.  CYANOETHYUTION  OF  PYRAZOLINES  WITH  ACRYLONITRILE 

A.  N.  Kost,  S.  I.  Sumlnov,  and  V.  V.  Ershov 
Moscow  State  University 

Translated  from  Zhurnal  Obslichei  Khiinii,  Vol.  30,  No.  2,  pp.  498-501, 
February,  1960 

Original  article  submitted  February  12,  1959 


We  have  noted  previously  [1]  tliat  when  acrylonitrile  reacts  with  pyrazollnes,  there  Is  a  vigorous  polymeriza¬ 
tion  of  the  acrylonitrile,  which  is  Initiated  by  decomposition  products  of  die  pyrazollnes.  In  diis  connection,  we 
carried  out  the  cyanocthylation  of  pyrazollnes  [2]  by  means  of  transcyanoethylation  reaction,  i.e.,  dirough  die  action 
of  6-dImcthylaminopropiotiiirilc  hydrochloride.  It  has  recently  been  establlslicd  [3,  4]  that  cyanoethylatlon  of 
aromatic  amines  proceeds  smoothly  without  catalysts  in  the  presence  of  water  and  ammonium  chloride.  In  con¬ 
nection  wiili  this  we  set  up  experiments  on  the  action  of  acrylonitriie  on  pyrazollnes  in  aqueous  medium  In  the 
presence  of  ammonium  chloride.  We  found  that  diis  method  made  it  possible  to  carry  out  the  direct  cyanoethyla¬ 
tlon  of  pyrazolines,  and  that  the  reaction  proceeded  normally  with  die  addition  of  die  acrylonitrile  to  the  nitrogen 
atom,  i.e.,  in  die  1  position. 
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Extensive  polymerization  of  the  acrylonitrile  was  sometimes  observed  In  die  reaction  process;  In  these 
instances  it  was  necessary  to  use  an  excess  of  acrylonitrile.  The  yield  of  l-(6 -cyanoethyl)pyrazollnes  depended 
mainly  on  the  solubility  of  the  starting  pyrazoliiic  in  water  and  on  the  intensity  of  its  polymerization  effect.  In 
the  case  of  the  readily  water-soluble  3,5,5- trimethylpyrazoline,  the  highest  yield  of  the  6 -cyanoethyl- 

pyrazolinc  (I)  was  obtained,  which  considerably  exceeded  die  yield  of  this  compound  from  6-dfmcthylamino- 
propionitrile  and  pyrazoline  [2].  4,4-Dimethyl-5-isopropylpyrazoline  was  more  stable  than  3,5,5-trimediylpyra- 
zoline,  but  because  of  the  slight  solubility  of  the  starting  compound,  the  yield  of  0 -cyanocthylpyrazoline  (IV) 
was  decreased.  On  the  odier  hand,  even  when  acrylonitrile  was  added  gradually  to  5-mcthyl-3,5-diethylpyra- 
zoline  in  die  presence  of  hydroquinone,  strong  polymerization  occurred,  and  the  yield  of  fl-cyanoediylpyrazoline 
(II)  was  only  147<». 

The  period  of  time  over  which  die  reaction  was  carried  out  also  had  a  distinct  effect  on  die  yields  of  the 
cyanocthylpyrazolincs.  Thus,  when  die  reaction  mixture  was  heated  for  1.5  hours  the  yield  of  die  pyrazoline  (I) 
did  not  exceed  4Cr/o,  while  heating  for  8  hours  resulted  in  an  increase  in  the  yield  of  (1)  to  'll. 37o.  The  pyrazolines 
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containing  a  phenyl  group  in  the  3  or  5  position,  and  also  the  alkylpyrazolines,  readily  undergo  cyanoetltylatlon. 

We  carried  out  die  confirmatory  synthesis  of  the  l-6-cyanoethylpyrazolincs(I and II)by means  of  the  reaction 
of  B-hydrazinopropionitrile  with  die  appropriate  a, B -unsaturated  ketones  in  acetic  medium. 


CH2CII3CN 

(I) 

In  acid  medium  this  reaction  went  well  and  resulted  in  the  formation  of  1-B -cyanoethylated  pyrazolines 
in  yields  up  to  50*7®.  However,  in  neutral  medium  the  reaction  follows  a  more  complicated  padi  and  we  were  * 
totally  unable  to  isolate  the  cyanoediylpyrazolines.  Apparently  in  diis  case  the  B-hydrazinopropionitrile  splits  up 
and  forms  unsubstituted  hydrazine,  since  we  obtained  from  the  reaction  a  large  amount  of  3,5,5-trimethylpyra- 
zoline  which  was  unsubstituted  in  the  1  position.  We  might,  of  course,  assume  that  the  B-cyanoediyl  group  splits 
off  from  the  pyrazoline  (I)  diat  has  already  formed,  but  this  compound  is  stable  under  die  given  conditions. 

EXPERIMENTAL 

l-(B-Cyanoethyl)-3.5,5-trimethylpyrazoline  (I),  a)  A  mixture  of  11.2  g  of  freshly  distilled  3,5,5-trlmethyl- 
pyrazoliue,  10.6  g  of  acrylonitrile,  2.5  g  of  ammonium  chloride,  and  10  ml  of  water  was  boiled,  with  vigorous 
stirring,  for  8  hours  on  a  water  badi.  After  die  mixture  had  cooled,  the  upper  organic  layer  was  separated  off, 
the  aqueous  layer  was  extracted  three  times  with  etlier,  the  extracts  were  combined  widi  die  organic  layer,  the 
acrylonitrile  polymer  that  had  precipitated  was  filtered  out,  and  die  filtrate  was  dried  and  die  ether  distilled  off. 
When  die  residue  was  distilled  in  vacuo  in  a  current  of  nitrogen,  11.8  g  (71.5^o)  of  1-(B -cyanoethyl)-3,5,5-trlme- 
thylpyrazoline  was  obtained.  B.  p.  120-121*  (10  mm),  n*°D  1.4735,'d*®4  0.9689  [2]. 

When  the  starting  materials  were  heated  in  the  same  proportions  for  1.5  hours,  the  yield  of  the  cyanoethylated 
pyrazoline  was  4{fyo,  and  part  of  die  starting  3,5,5-tiimethylpyrazoline  was  recovered.  When  the  reaction  was 
carried  out  in  neutral  medium  without  die  ammonium  chloride  (12  hours  boiling),  die  yield  of  die  compound  did 
not  exceed  23%. 

b)  To  24.5  g  of  purified  mesityl  oxide  in  40  ml  of  glacial  acetic  acid  was  added, over  a  period  of  30  mi¬ 
nutes  widi  vigorous  stirring,  17.9  g  of  freshly  prepared  6 -liydrazlnopropionitrile  [5].  The  mixture  was  boiled  for 
1.5  hours  and  then  die  unre acted  mesityl  oxide,  water,  and  acetic  acid  were  distilled  off  in  vacuo  (30-35  mm). 

After  two  fractional  distillations  of  the  residue  in  vacuo,  18.0  g  (51.8*7')  of  l-(fl -cyanocthyl)-3,5,5-trlmethyl- 
pyrazoline  was  obtained.  B.  p.  117-118*  (8  mm),  n*°D  1.4737,  d*®^  0.9700.  When  the  mixture  was  neutralized 
after  the  reaction  by  a  satmated  solution  of  sodium  carbonate  and  die  pyrazoline  was  extracted  with  ether,  die 
yield  of  die  B  -cyanocdiylpyrazoline  (I)  was  33*%. 

When  95.7  g  of  B-hydrazinopropionitrile  and  112  g  of  mesityl  oxide  was  heated  for  1.5  hours  with  sub¬ 
sequent  distillation  of  die  reaction  mixture  in  vacuo,  53.5  g  of  3,5,5- trimediylpyrazoline  was  obtained.  • 

B.  p.  63-63.5*  (22  mm),  n^D  1.4580,  d*®^  0.8994. 

Picrate,  m.  p.  138*;  l-bcnzoyl-3,5,5-trimcdtylpyrazollne  m.  p.  91*. 

Literature  data  [6]:  b.  p.  52.5*  (15  mm),  n*®D  1.4573,  d*°4  0.9025,  picrate  m.  p.  137.5*  [7];  l-benzoyl-3,5,5- 
trimethylpyrazoline  m.  p.  92.5-93*  [8]. 

1-(B  -Cyanoethyl)-5-mci}iyl-3,5-dlediylpyrazoline  (II).  a)  To  a  mixture  of  21  g  of  freshly  distilled  5- 
methyl-3,5-diethylpyrazoline,  4  g  of  ammonium  chloride,  0.2  g  of  hydroquinone,  and  15  ml  of  water  was  added 
gradually  16  g  of  acrylonitrile.  The  mixture  was  boiled  for  8  hours  on  a  water  bath.  The  reaction  was  accom¬ 
panied  by  extensive  polymerization  of  the  acrylonitiile.  The  cooled  reaction  mixture  was  filtered  through  a 
fluted  filter,  the  residue  on  the  filter  was  repeatedly  washed  with  ether,  the  aqueous  layer  was  separated  off,  and 
die  layer  was  dried  and  distilled.  After  two  fractional  distillations  in  vacuo  in  a  current  of  nitrogen,  4.1  g  (l-f/o) 
of  l-(B-cyanoediyl)-5-methyl-3,5-diediylpyrazolinc  was  obtained. 
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(70.^0).  B.  p.  195-205*  (4  mm),  m.  p.  70.5-72*. 

Found ‘7o:  C  72.61,  72.45;  H  6.65,  6.70.  CiiHijNj.  Calculated  *70:  C  72.33;  H  6.75. 


SUMMARY 

It  has  been  shown  that  in  the  presence  of  water  pyrazolines  can  be  cyanoethylated  in  the  1  position  in 
satisfactory  yields  by  tlie  action  of  acrylonitrile. 
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INVESTIGATIONS  IN  THE  FIELD  OF  QUINONES 


XXX.  SYNTHESIS  OF  o-QUINONES  OF  THE  NAPHTHOFURAN  AND 
BENZINDOLE  SERIES 

A.  N.  Grinev,  Hun  Shlh-chun,  and  A.  P.  Terent'ev 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khlmil,  Vol  30,  No.  2,  pp.  501-505, 
February,  1960 

Original  article  submitted  February  28,  1959 


We  have  been  able  to  prepare  derivatives  of  5-hydroxynaphthofuran  and  5-hydroxybenzlndole  In  high  yields 
by  the  condensation  of  a -naphthoquinone  with  acetoacetic  ester  and  its  analogs  [1-3].  In  the  present  work.  In 
a  study  of  the  properties  of  tlie  compounds  that  were  obtained,  we  have  found  that  they  are  oxidized  by  chromic 
acid  to  qulnones  of  tiic  naphtltofiiran  series  (I,  II)  and  the  benzindole  series  (III,  IV).  The  latter  are  similar  to  the 
ordinary  o-quinones:  they  are  reduced  by  sodium  hydrosulfitc  to  tlie  corresponding  4,5-dihydroxynaphthofurans 
(V  ,  VI)  and  4,5-dihydroxybenzindoles  (VII,  VIII),  and  are  converted  by  reaction  wiilt  o-phenylenedlamine  to 
substituted  quinoxaline-(2,3-e)-naphthofurans  (IX,  X)  and  quinoxalino-(2,3-e)-benzindoles  (XI-XII). 
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Synthesis  of  Substituted  o-Quinones-4,5  (I -IV) 
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Synthesis  of  Substituted  4,5-Dihydroxynaphthofurans  (V,  VI)  and  Substituted  4,5-Dihydroxyben2lndoles  (VII,  VIII) 
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TABLE  3 

Synthesis  of  Substituted  Ouinoxalino-(2.3-e)-naphthofurans  (IX,  X)  and  Substituted  Quinoxalino-(2,3-e)-benzindoles  (XI,  XII). 


EXPERIMENTAL 


2-Methyl-3-carboctlioxy*4,5- clihydroxynnphtJiofuran  (I).  2.7  g  of  2-meihyl-3-carboctJioxy-5-hydroxy- 

naphUiofuran  was  dissolved  by  heating  in  30  nil  of  \)S'Io  acetic  acid.  Chromic  acid  (1.5  g  of  chromic  anliydride 
In  1.5  ml  of  water)  was  added  to  the  solution  tliiis  obtained,  at  5-10*  witli  stirring  for  15  minutes.  Then  the  re¬ 
action  mixture  was  stirred  well  for  30-40  minutes  at  13-15*.  The  reaction  solution  was  filtered  through  a  glass 
filter  and  tite  filtrate  was  poured  into  cold  water.  The  precipitate  of  (I)  tliat  separated  out  was  waslied  on  the  filter 
with  cold  water  and  dried  in  a  vacuum  desiccator  over  phosphoric  anhydride.  Yield  2  g 

Founder  C  67.66;  H  4.63.  CjcHijOj.  Calculated  C  67.58;  H  4.26. 

The  quinonc  (1)  obtained  was  unstable;  when  heated  above  50*  It  decomposed,  and  when  stored  in  tlic  air  it 
turned  dark.  It  was  readily  soluble  in  alcoliol,  chloroform,  and  acetic  acid,  poorly  soluble  in  peuroleum  ether 
and  benzene.  The  other  quinoncs  (II-IV),  which  were  prepared  in  a  similar  manner,  were  stable.  The  results  of 
the  experiments  on  their  syntliesis  are  given  in  Table  1. 

2-Mcihyl-3-carbocthoxy-4,5-diliydroxynaplithofuran  (V).  1  g  of  (I)  was  dissolved  in  10  ml  of  ether.  The 
ether  layer  was  shaken  witli  a  saturated  soluiiott  of  2  g  of  sodium  hydrosulfite  in  water,  while  the  mixture  was 
cooled  witli  Ice.  A  yellow  precipitate  of  (V)  formed  immediately  at  the  boundary  of  the  ether  and  the  water 
layers.  It  was  separated  off  and  dried.  Yield  of  (V)  0.52  g  (,5‘2'h),  m.  p.  165-166*  (from  alcohol).* 

Found*!^:  C  67.01,  67.11,  H  4.94,  4.85.  CieHnOg.  Calculated  *70:  C  67.12;  H  4.93. 

The  otlier  4,5-dihydroxy  derivatives  (VI-VIIl)  were  prepared  in  a  similar  manner.  The  results  of  the  ex¬ 
periments  on  their  synthesis  are  given  in  Table  2. 

2-Metliyl-3-carboethoxyquinoxalino-(2,3-e)-naphthofuran  (IX).  0.5  g  of  (I)  was  dissolved  in  7.5  ml  of  98f7o 
acetic  acid,  and  tlicn  0.25  g  of  o-plienylencdiamine  was  added  to  the  solution.  The  reaction  mixture  was  heated 
for  5-10  minutes,  then  diluted  with  water.  The  yellow,  fluffy  crystals  of  (IX)  that  precipitated  were  filtered  off, 
washed  witli  water,  and  dried.  Yield  of  (IX)  0.66  g  (quantitative),  m.  p.  194*  (from  alcohol). 

Founder  N  7.66,  7.75.  C^HigOaNj.  Calculated ‘T'o;  N  7.86. 

The  results  of  otlier  experiments  on  tlie  synthesis  of  tlie  quinoxalino-(2,3-e)-napluhofuran  (X)  and  qulnoxa- 
lino-(2,3-e)-benzindoles  (XI,  XII),  which  were  carried  out  similarly,  arc  given  in  Table  3. 

SU  MMARY 

o-Quinoncs  of  the  naphtliofuran  and  benzindole  series  were  obtained  by  oxidation  of  derivatives  of  5-hydroxy- 
naplithofuran  and  5-liydroxybenzitidole.  The  o-quinones  were  easily  reduced  to  the  corresponding  dihydroxy  de¬ 
rivatives,  and  reacted  with  o - phe nyle tied ia mine  to  form  substituted  quinoxalino-(2,3-e)-naphthofurans  and  quinox- 
&lino-(2,3-e)-bcnzindoles. 
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•  Wlien  the  4,5-dihydroxy  derivatives  (V-VIII)  were  recrystallized,  it  was  necessary  to  add  1-2  drops  of  an  aqueous 
solution  of  sodium  hydrosulfitc. 

••  Original  Russian  pagination.  See  C.  B.  translation. 
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II.  REACTION  WITH  BENZOYL  CHLORIDE  [1] 
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Translated  from  Zliurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp  506-510 
February,  1960 

Original  article  submitted  January  5,  1959 


The  reaction  of  arylniirometlianes  with  acid  anhydrides  and  acyl  halides  has  already  been  described  in  the 
lltcramre.  Wieland  and  Kitasato  [2]  obtained  tlte  benzoyl  derivative  of  benzoylhydroxamyl  chloride  by  tlie  action 
of  benzoyl  tliloride  on  aciphcnylnitrometitane  at— 15*  in  pyridine  solution. 

C„IIr.CII  =  NOOI!  }-  Cr,llr,COCl  ->  C0M5CCl=NOCOCcll5 -f  HaO 


It  was  of  definite  interest  to  extend  this  reaction  to  the  nitromethanes  with  heterocyclic  substituents.  For 
example,  on  the  basis  of  the  data  of  Wieland  and  Kitasato,  when  benzoyl  chloride  reacts  witli  2-nitromcthyl- 
quinoline  (I)  we  would  expect  to  obtain  tlte  benzoyl  derivative  of  2-quinoylhydroxamyl  chloride  (II). 


(I) 


4-  CICOC, 


:oc.n,^l  I  1 

V\N^ 


NOCOColU 


+  IIjO 


(II) 


When  2-nitromcthylqninoline  (I)  was  heated  with  benzoyl  chloride,  we  actually  were  able  to  obtain  a 
crystalline  product  with  m.  p.  156-157*,  which  contained  lialogcn  and  agreed  in  its  analysis  with  tlic  formula  for 
(II).  This  compound  was  stable  toward  oxidizing  agents  and  bromine  solution,  but  was  easily  decomposed  by  alkalies 
and  8(fIo  sulfuric  acid.  Thus,  it  was  recovered  largely  unchanged  after  boiling  for  1  hour  witli  sodium  bromatc  in 
glacial  acetic  acid.  When  it  was  heated  on  a  water  bath  with  bromine  solution  in  glacial  acetic  acid  for  0.5  hour, 
the  bromine  was  not  decolorized  and  the  starting  compound  was  recovered  in  its  original  form  on  cooling.  If  the 
"bcnzoylation"  product  was  boiled  with  aniline,  then  it  was  possible  to  obtain  a  material  tJiat  according  to  its 
analysis  was  a  new  compound  in  which  tlic  chlorine  had  been  replaced  by  the  aniline  radical. 


Sodium  metliylate  had  a  very  characteristic  effect.  When  the  compound  with  m.  p.  156-157*  was  covered 
with  T/o  sodium  methylate,  a  violent  reaction  set  in,  tlic  mixture  foamed  and  became  hot,  and  the  odor  of  methyl 
benzoate  became  apparent.  After  the  sodium  chloride  had  been  removed  and  the  simple  operations  described  In 
tlie  experimental  section  of  this  paper  liad  been  carried  out,  we  were  able  to  isolate  an  oil  that  yielded  methyl 
benzoate  and  quinoline  when  it  was  fractionated.  Thus,  the  reaction  probably  proceeded  according  to  the  following 
scheme. 


NaOCHIj 


coNHoii 


-f  CoHiCOOCHa  4-  NnCI. 
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The  quiiioylliydroxamic  acid  tliat  was  produced  was  hydrolyzed  by  the  action  of  hydrochloric  add  to  the 
quinaldinc,  and  the  latter  was  dccarboxylaicd  In  the  distillation  process,  as  is  well  known  from  information  in 
tlie  literature. 


Thus,  ilic  action  of  benzoyl  chloride  and  then  of  sodium  methylate  led,  in  tlic  final  accounting,  to  tlie  de¬ 
ni  trometliyla  lion  of  2-nitromethylquinolinc.  The  presence  of  tlie  elements  of  benzoic  acid  also  was  easily  de¬ 
monstrated  by  acid  hydrolysis.  When  the  "benzoylation"  product  was  heated  with  807o  sulfuric  acid,  a  great  deal 
of  benzoic  acid  was  formed,  and  also  a  material  with  m.  p.  136*,  which  corresponded  In  Its  nitrogen  analysis  to 
2- quiiioylliydroxamic  acid  (III). 

The  nature  of  the  material  was  confirmed  by  the  fact  that  it  gave  a  green  color  witli  copper  sulfate  and  a 
red  color  witli  ferrous  chloride,  a  general  reaction  for  hydroxamic  acids. 

On  the  basis  of  these  data  we  may  conclude  that  2-nitromethylquInoline  reacts  like  phenylnitromethane  with 
benzoyl  chloride  and  yields  ilic  benzoyl  derivative  of  2-quinoylhydroxamyl  chloride  (II). 

Similar  experiments  were  carried  out  also  with  2-nitromethyl-4-methylquinolIne,  which  readily  yielded  the 
benzoyl  derivative  of  (4-mciliylquinQyl)-2-hydroxamyl  chloride  with  in.  p.  152-153*.  By  denitiometliylation  of 
2-niiromcihyl-4-tneihylquinoline  with  tlie  aid  of  benzoyl  cliloride  and  sodium  methylate  we  obtained  lepidine. 


(IV). 


When  benzoyl  chloride  acted  on  2-nitrotnethylbenzoihiazole  we  also  obtained  the  corresponding  derivative 


U 


(III)  (IV) 


It  is  very  Interesting  that  benzoyl  chloride  gives  the  same  product  (II)  when  it  reacts  with  the  ethyl  ester  of 
a-nItro-a-(2-quinolyl)acctophenotie-o-carboxylic  acid  (V)  and  witli  2-niirobromomethylquinoline  (VI)  as 
with  2-niiromethylquinolinc.  Thus,  decarboxylation  and  debrominaiion  take  place  in  the  reaction  process. 


^J-CH(N02)(:0Cr.H4C00C, 11,(0) 

(V) 


-CH(N02)Ur 
(VI) 


(VII) 


p-Niuophcnylnltxomctliane  reacts  just  as  readily  under  tliese  conditions  with  benzoyl  chloride  to  produce, 
according  to  the  analytical  data,  a  compound  of  analogous  structure.  The  reaction  goes  only  in  tlie  presence  of 
quinoline. 

The  reaction  of  2-nitromethylquinoline  witli  acetyl  chloride  proceeds  in  a  similar  way  and  gives  a  com¬ 
pound  with  m.  p.  147-148*.  It  contains  halogen  and  on  heating  with  alcohol  in  the  presence  of  sulfuric  acid  it 
splits  out  an  acetyl  group  in  tlie  form  of  ethyl  acetate.  By  hydrolysis  with  8(flo  sulfuric  acid,  it  Is  possible  to  ob¬ 
tain  2-quInoylliydroxamic  acid  with  m.  p.  132-133*  (IV),  which  melts  without  depression  when  mixed  with  the 
compound  prepared  from  the  "benzoylation*  product.  These  data  provide  a  basis  for  considering  the  acetylation 
product  to  be  the  acetyl  derivative  of  2-quinoylhydroxamyl  chloride  (VII). 

It  must  be  noted  tliat  all  the  acid  chlorides  prepared  were  difficult  to  burn  by  the  Dumas  mIcromethod  and 
gave  somewhat  low  results  for  nitrogen. 


EXPERIMENTAL 

1.  Benzoyl  Derivatives  of  2-C)uinoylhydroxamyl  Chloride  (H).  3  g  of  carefully  ground  2-niuomethylquinoUne 
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[3]  was  wci  wiili  3  ml  of  benzoyl  chloride  and  heated  at  a  temperature  close  to  boiling  for  about  10  minutes. 

When  the  brown  solution  cooled,  a  finely  crystalline  precipitate  separated  out  from  it;  this  product  melted  at 
156-157*  (from  alcohol).  Yield  3  g  {6(fJo). 

Found%:  N  9.12;  Cl  10.93.  CjjlIuOzNjCl.  Calculated  N  9.02;  Cl  11.43. 

The  cotnpound  crystallized  well  from  alcohol,  benzene,  and  glacial  acetic  acid.  When  it  was  heated  with 
excess  aniline  and  tlicn  cooled,  a  dark  crystalline  mass  was  formed,  which  after  Ixiing  washed  free  of  aniline  with 
hydrochloric  acid,  washed  with  water,  and  recrystallized  from  alcoliol  (with  tlic  aid  of  activated  carbon)  yielded 
a  finely  crystalline  precipitate  wiili  m.  p.  120-122*. 

Found‘7o:  N  11.33.  CjjHnOzNa.  Calculated  *70:  N  11.41. 

When  treated  with  sodium  bicarbonate  solution,  compound  (II)  remained  unchanged  even  at  a  high  temper¬ 
ature,  but  on  lieating  an  alcohol  solution  in  the  presence  of  sulfuric  acid,  a  strong  odor  of  etliyl  benzoate  was 
emitted,  and  when  ammonia  was  passed  into  an  anliydrotis  alcohol  solution,  a  compound  was  obtained  wltli  m.  p. 
160*  wliich  formed  yellowish  crystals  from  alcohol,  and  corresponded  in  niurogen  content  to  the  ammonium  salt  of 
2-quinoylhydroxamic  acid. 

Found  7o:  N  20.74,  CioHnO^Nz.  Calculated  7>:  N  20.48. 

Finally,  when  compound  (II)  was  heated  witli  alcoholic  potassium  hydroxide,  ammonia  was  evolved,  in¬ 
dicating  tlic  formation  of  hydroxylamine,  which  is  well  known  to  break  down  in  alkaline  solution  into  ammonia, 
nitrous  oxide,  and  water. 

2.  Cleavage  of  the  Benzoyl  Derivative  of  2-Ouinoy lliydro^^mj^l  Chloride  with  Sodium  Methylate.  12  g 
of  tltc  benzoyl  derivative  was  wet  wiili  32  ml  of  3>  sodium  methylate  (prepared  by  dissolving  metallic  sodium  in 
commercial  undried  methyl  alcohol).  A  ratlier  violent  reaction  set  in,  the  mixitirc  heated  up  and  foamed,  and 
the  characteristic  odor  of  methyl  benzoate  became  evident.  From  the  brown  solution  iliere  separated  a  white 
precipitate,  which  was  removed  from  the  solution  and  washed  with  alcoliol.  It  consisted  of  residual  unreacted 
starting  material  and  sodium  chloride.  The  latter  was  washed  otit  with  water  and  its  presence  demonstrated  by 
the  usual  metliod.  'I'he  filtrate  was  acidified  witli  lU’/i'  hydrochloric  acid  and  diluted  wiili  water.  The  brown  oil 
was  extracted  with  ether,  dried  and  fractionated  at  ordinary  pressure. 

Three  fractions  were  obtained:  1st,  195-220*,  4.2  g  of  colorless  liquid;  2nd,  220-270*,  0.7  g  of  yellow 
liquid;  3rd,  270-278*,  1.1  g  of  brown,  thick  oil.  The  undistillcd  residue  in  the  flask  had  a  strong  ammoniacal 
odor.  Upon  investigation  it  appeared  that  the  first  fraction  was  relatively  ptire  methyl  benzoate.  It  was  treated 
with  hydrochloric  acid,  extracted  with  ether,  dried  over  anliydrotis  sodium  sulfate,  and  again  distilled.  2.6  g  of 
methyl  benzoate  was  obtained.  When  it  was  heated  with  aniline,  a  product  was  obtained  witli  m.  p.  161-162*; 
tliis  melted  without  depression  when  mixed  with  known  benzanilide. 

Found  N  7.32.  Ci3M„ON.  Calculated  N  7.11. 

The  2nd  and  3rd  fractions  were  combined  ami  treated  with  ICT/o  hydrochloric  acid;  tlie  solution,  after 
treatment  with  ether  and  removal  of  the  ether,  was  made  alkaline  and  again  extracted  with  ether,  and  dried  over 
sodium  sulfate;  the  ether  was  distilled  off  and  the  oil  was  distilled.  Weight  0.5  g.  Picratc  m.  p.  200*.  The  pro¬ 
duct  melted  without  depression  when  mixed  with  the  known  picratc  of  quinoline. 

Fotind^o:  N  15.38.  Ci5nio07N4.  Calculated  N  15.64. 

3.  Cleavage  of  the  Benzoyl  Derivative  of  2-Qiiinoylhydroxamyl  Chloride  with  Stilfttric  Acid.  11  g  of  the 
benzoyl  derivative  was  wet  with  110  ml  of  80^  sulfiiic  acid  and  heated  slightly,  with  vigorous  shaking,  until 
die  compound  dissolved  completely.  Then  the  solution  was  heated  to  50*  and  cooled  to  room  temperature.  When 
water  was  added,  a  light  colored  precipitate  was  formed,  which  was  filtered  off  with  suction,  washed,  and  dried. 
Weight  4.35  g.  It  proved  to  be  a  mixture  of  die  starting  compound  and  benzoic  acid.  After  the  two  compounds 
had  been  separated  wiUi  the  aid  of  sodium  bicarbonate,  each  of  them  melted  without  depression  when  mixed  with 
known  samples  of  tlic  appropriate  material.  The  acid  solution  remaining  after  removal  of  the  precipitate  was 
treated  witli  ether,  the  extract  was  dried  witli  anhydrous  sodium  sulfate,  and  the  ether  was  distilled  off.  Benzoic 
acid  was  removed  with  aqueous  bicarbonate;  the  residue  which  did  not  dissolve  in  the  bicarbonate  weighed  0.72  g. 
After  recrystallization  from  benzene,  slightly  yellow  crystals  of  2-quinoylhydroxamic  acid  (111)  were  obtained 
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with  m.  p.  136*  (ticcomp.). 

Found^:  N  H.24.  CjoHgOjNj.  Calculated ‘7o;  N  14.89. 

The  compound  gave  an  intense  green  color  with  copper  sulfate  and  a  red  color  with  ferric  chloride. 

The  acid  layer  remaining  after  removal  of  tlie  ether  was  made  alkaline.  A  precipitate  thereupon  separated 
out.  By  heating  in  alcohol,  it  was  possible  to  separate  tliis  precipitate  into  two  parts  -  one  insoluble  in  alcoliol 
(A)  and  tlie  oilier  soluble  (D).  The  insoluble  portion  (A)  gave  the  characteristic  color  reactions  for  hydroxamic 
acids  wiili  copper  sulfate  and  ferric  chloride,  and  on  calcination  the  material  did  not  burn  completely,  but  left 
a  white,  inorganic  residue,  indicating  that  it  was  the  sodium  salt  of  2*quinoylliydroxainic  acid. 

Found‘7o:  N  13.69.  CioHTOjNjNa.  Calculated ‘7o:  N  13.34. 

The  soluble  fraction  (B)  precipitated  from  alcohol  in  die  form  of  crystals;  it  did  not  give  a  reaction  with 
copper  sulfate  and  ferric  chloride.  It  was  not  investigated  furUier. 

4.  Benzoyl  Derivative  of  2-(4-Mcdiylqiiinoyl)hydioxamyl  Chloride.  8.5  g  of  2-nftromethyl-4-methyl- 
quinolinc  [4]  was  wet  with  10  ml  of  benzoyl  chloride.  The  further  procedure  was  carried  out  as  described  in  "1*. 
As  a  result,  after  recrystallization  from  alcohol  .light  yellow,  fine  crystals  were  obtained  with  m.  p.  152-153*. 

The  yield  was  approximately  the  same  as  in  the  case  of  2-niixomcthylquinoline.  Treatment  with  sodium  mediyl- 
ate  gave  methyl  benzoate  and  lepidine.  The  melting  point  of  the  picrate  was  211*,  which  agreed  with  the  litera¬ 
ture  data. 

2-Nitromcthylbcnzoduazole[5]under  the  same  conditions  gave  fine  needles  of  the  benzoyl  derivative  of 
2-benzodiiazoylhydroxamyl  chloride  (IV).  The  compound  gave  a  positive  Beilstein  test  for  halogen. 

Fouiid‘7o:  N  8.47.  CisHgO^NiSCl.  Calculated  *70;  N  8.86. 

5.  Reaction  of  p-Nitrophcnylnitromctltane  with  Benzoyl  Chloride.  1  g  of  p-nitrophenylnitromediane  was 
mixed  witlt  1  g  of  quinoline  and  1  g  of  benzoyl  chloride.  The  brown  mixture  was  cooled  after  being  heated  for 
10  minutes,  and  the  crystals  were  washed  witli  alcohol.  The  yield  of  the  benzoyl  derivative  of  p-nitrobenzoyl- 
hydroxamyl  chloride  was  0.8  g,  m.  p.  169-170*  (from  benzene). 

Found '’/o:  N  8.85.  C,4H904N2C1.  Calculated  N  9.19. 

The  compound  gave  a  positive  test  for  chlorine,  and  when  it  was  heated  with  alcohol  in  tire  presence  of 
sulfuric  acid  there  was  an  odor  of  ethyl  benzoate. 

6.  Reaction  of  2-Nitromcthylquinoline  with  Acetyl  Chloride.  1  g  of  2-nitromethylquinollne  was  wet  with 
5  ml  of  acetyl  chloride.  After  a  violent  reaction  the  mixture  was  heated  for  10  minutes,  diluted  with  alcohol, 
and  tlie  precipitate  was  separated  off  and  washed  with  alcohol.  The  weight  of  the  precipitate  was  0.45  g.  M.  p. 
145-146*.  After  recrystallization  from  alcohol  the  acetyl  derivative  of  2-quinoylhydroxamyl  chloride  (Vll)  was 
a  light  yellow  material  with  m.  p.  147-148". 

Found ‘9'o:  N  10.68.  CuHgOaNjCl.  Calculated '7o:  N  11.27. 

When  the  2-nitromethylquinoline  v;as  replaced  by  2-nitrobromomethylquinoline,  the  same  product  was 
obtained  with  m.  p.  147-148*.  The  compound  gave  a  positive  test  for  halogen,  and  formed  ethyl  acetate  with  an 
alcohol  solution  in  the  presence  of  sulfuric  acid.  If  tire  compound  was  heated  witli  807<’  sulfuric  acid  at  50*,  and 
the  solution  was  diluted  and  extracted  witli  ether,  and  the  solvent  evaporated,  then  a  crystalline  product  was  ob¬ 
tained  with  m.  p.  132-133"  (from  benzene).  It  was  identical  with  tire  compound  witli  m.  p.  136*  obtained  in  sec¬ 
tion  3,  with  which  it  melted  without  depression  at  133*,  and  it  also  gave  a  positive  reaction  for  hydroxamic  acid 
with  copper  sulfate  and  ferric  chloride.  The  acid  solution  remaining  after  treatment  with  etlier  yielded  tlie  same 
sodium  salt  as  described  in  experiment  3. 


SUMMARY 

The  reaction  of  2-nitrometliylquinolinc  and  similar  compounds  with  benzoyl  chloride  has  been  studied  and 
derivatives  of  2-quinoylliydroxamic  acid  have  been  obtained. 
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lODONlUM  DERIVATIVES  OF  6-DIKETONES 

III.  ACYLATION  AND  ALKYUTION  OF  PNENYLDIMEDOl'IYLIODONE 

O.  Ya.  Nciland  and  G.  Ya.  Vanag 
Riga  Polytechnic  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  510-518, 
February,  1960 

Original  article  submitted  February  5,  1959 


It  has  recently  been  shown  [1]  tliai  5,5-dimethylcyclohexanedIone-l,3  (dlmedon)  reacts  with  iodosobenzene 
to  form  an  lodonium  compound  of  the  enol-betainc  type,  phenyldimedonyliodonc  (I).  It  appeared  that  tlie  same 
sort  of  compound  also  is  formed  by  tlic  reaction  of  dimedon  with  phenyliodosoacetate  (II,  R=CH3COO)  or  plienyl- 
lodosobcnzoate  (II,  R  =C(|Il5COO). 


c„n.sl^ 

(I) 


fr'"' 

S/ 


(II) 


In  this  reaction  splitting  out  of  acetic  or  benzoic  acid  occurs,  and  phenyldimedonyliodonc  of  high  purity  is 
obtained  In  good  yields.  A  similar  occurrence  had  been  observed  [1]  when  dimedon  reacted  witli  phenyliodoso- 
fluoride  (II,  R  =  F).  The  purest  product  is  obtained  when  phenyliodosoacetate  is  used.  Thus  tliis  reaction  is  a  con¬ 
venient  and  practicable  metliod  for  tiie  preparation  of  phenyldimcdonyliodone.  Without  additional  kinetic  in¬ 
vestigations  it  is  difficult  to  unequivocally  determine  the  mechanism  of  this  unusual  reaction.  But  it  is  not  very 
probable  that  dimedon,  which  is  a  weaker  acid  (pK  5.25)  [2]  tlian  acetic,  benzoic,  or  hydrofluoric  acids,  could 
enter  into  an  exchange  reaction  in  homogeneous  medium  witli  the  formation  of  an  enolic  salt,  which  would  further 
rearrange  the  C-derivative  [1].  Therefore,  tliere  is  every  reason  to  suppose  the  tltc  iodone  is  formed  by  direct 
electrophilic  attack  of  tlie  molecule  of  phenyliodosoacetate  on  tlte  dimedon  molecule.  It  is  most  probable  that 
tlie  enol  form  enters  into  the  reaction  as  the  most  reactive,  and  that  the  reaction  proceeds  witli  a  sliift  In  the  re¬ 
action  center. 


Such  a  viewpoint  is  corroborated  by  the  fact  that  p-nitrophenol  reacts  with  phenyliodosoacetate  in  an  entirely 
similar  way,  forming  2-hydroxy-5-nitrodiphenyIiodonium  acetate  (III),  whicli  rearranges  at  an  elevated  temperature 
to  2-Iodo-4-nitrodiphcnyl  ether  (IV)  [3].  The  latter  occurrence  corresponds  to  the  formation  of  tlie  phenyl  etlier 
of  iododimedon  (V)  by  thermal  decomposition  of  phenyldimedonyliodonc  [4]. 
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To  clarify  tlic  nature  of  the  bipolar  strucuire  of  phenyldimedonyliodone  we  set  up  experiments  on  Its  acyla¬ 
tion  and  alkylation.  It  appeared  that  the  compound  reacts  witli  the  usual  acylating  agents  (acetyl  chloride,  benzoyl 
chloride)  and  alkylating  agents  (dialkyl  sulfates,  triethyloxonium  borofluoride)  to  form  new  products,  the  properties 
of  which  permit  us  to  assign  to  them  the  structure  of  iodonium  salts  (VI). 


(VI)  (VII)  (VIII) 


Acetyl  chloride  reacted  very  vigorously,  forming  an  unstable  product  that  could  not  be  purified  by  recrysial- 
lization  (probably  VI,  R  =  OCCH3;  X  =  C1).  The  compound  decomposed  quickly  both  in  the  solid  form  and  In  so¬ 
lutions.  The  final  product  of  the  decomposition  proved  to  be  chlorodimedon  (VII,  X=C1).  A  more  stable  product 
was  obtained  in  the  reaction  with  benzoyl  chloride,  to  which  the  structtire  of  phcnyl-(0-bcnzoyldimcdonyl)-lodo- 
niuni  cliloride  could  be  ascribed  with  confidence  (VI,  R  =  (XC5H5:  X=C1).  This  compound  was  somewhat  soluble 
in  water  and  entered  into  exchange  reactions  with  the  formation  of  the  corrcspotiding  iodottium  bromide  (VI, 

R  =  (X;C6H5;  X  =  Dr)  or  iodottium  iodide  (VI,  R  —  OCCclls;  X  =  I)  as  less  soluble  precipitates. 

Triethyloxonium  borofluoride  reacted  with  the  iodonc  to  form  phenyl-(0-cthyldlmedonyl)-lodonlum  boro- 
fltioridc  (VI,  R  =  C2H5;  X  =  DF4),  a  stable  iodonium  salt  which  is  easily  converted  in  the  usual  way  to  the  bromide 
or  iodide.  It  appeared  tJiat  compounds  of  this  kind  could  be  obtained  by  die  alkylation  of  the  iodone  with  diethyl 
sulfate,  although  in  very  small  yields.  Dimethyl  sulfate  reacted  incomparably  better  and  gave  a  good  yield  of 
the  phenyl-(0-mcdiyldimcdonyl)-iodomum  salt  (VI,  R  =  CH3).  First  the  iodonitirn  methyl  sulfate  was  formed  (VI, 
R=CH3;  X  =CH3S04lI)  as  a  noncrystallizing  thick  oil,  which  dissolved  readily  in  water  and  entered  into  exchange 
reactions  with  borofluorides  and  bromides.  We  encountered  considerable  difficulties  iti  obtaining  the  phcnyl-(0- 
mediyldimedonyl)-iodonium  borofluoride  (VI,  R  =CIl3;  X  — nF4)  and  bromide  (VI, R  =  CH3;  X  =  llr)  in  crystalline 
form,  because  tliese  compounds  separated  out  as  thick  oils  and  their  purification  by  crystallization  was  accom¬ 
panied  by  large  losses. 

The  alkylation  reactions  went  best  either  without  a  solvent  or  in  chloroform  solution.  In  methanol  a  product 
of  ionic  nature  was  obtained,  an  adduct  of  the  iodone  and  metliylsulfuric  acid  (VIII,  A  =€11380411),  which  hydro¬ 
lyzed  instantaneously  in  water  and  formed  bromodimedon  (VII,  X  =  Br)  or  iododimedon  (VII,  X=  I)  in  the  presence 
of  bromides  or  iodides.  The  formation  of  the  adduct  (V'lII)  is  easily  understood,  since  it  is  known  that  dimethyl 
sulfate  reacts  with  methanol.  The  products  of  tlie  reaction  arc  dimethyl  ether  and  methyhulfuric  acid  [5],  A 
similar  reaction  could  not  be  carried  out  with  dietliyl  sulfate  in  anhydrous  alcohol,  since  the  formation  of  ethyl- 
sulfuric  acid  takes  place  more  slowly  [5].  The  adduct  sought  (VIII,  A  =€21^55041!)  is  easily  obtained  by  using  old 
diethyl  sulfate,  wliich  already  contains  ethylsulfuric  acid. 

For  final  clarification  of  the  structure  of  the  compounds  obtained,  we  employed  the  ultraviolet  and  Infra¬ 
red  absorption  spectra.  It  was  first  necessary  to  investigate  the  absorption  spectra  of  some  diphenyliodonium  salts, 
in  order  to  ascertain  the  characteristic  absorption  of  the  iodonium  system.  It  was  found  tliat  in  the  ultraviolet  re¬ 
gion  there  is  one  absorption  maximum  for  diphenyliodonium  salts  at  about  226  m^i  ,  which  does  not  occur  with 
iodobenzene  or  phenyliodosoacetate.  This  is  rather  interesting  and  indicates  tlie  participation  of  the  p-electrons 
of  die  iodine  atom  in  tlie  onium  condition  in  conjugation  witli  the  phenyl  groups  (in  the  general  case  witli  double 
bonds).  In  tlie  ultraviolet  spectra  of  tlie  iodonium  slats  of  the  dimedonyl  ethers  there  also  is  a  maximum  at  about 
226  m/t  ,  which  is  evidence  of  the  iodonium  system.  A  second  maximum  at  about  256  m/i  is  associated  with  the 
enol  ctlier  group  [6].  The  intensity  of  absorption  in  metliyl  alcohol  solutions  diminished  very  rapidly,  tints  hamper¬ 
ing  the  exact  determination  of  tlie  maxima,  especially  in  tlie  region  250-260  mp .  This  apparently  is  associated 
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.TABLE  1 


Ultraviolet  Spectra  of  lodonium  Salts 


Solution  in  Methyl  alcohol 
c  ~  fo-^  -  10'®  M 


Diphenyliodonium  bromide 
Diphenyliodoninm  borofluoride 
Diphenyliodonium  acetate 

Oienyl-(0-cdiyldimedonyl)iodonium 

bromide 

Plienyl-(0-etJiyldimedonyl)i  odonium 
borofluoride 

Phenyl -(O- me  thyldimedony  l)iodon- 
ium  bromide 

Plienyl-(()- me  ihyldimedonyl)i  odo¬ 
nium  r.oiofhioride 
Plienyl-fO-bcnzoyldimedonyl)- 
iodonium  clilo’ide 
0-Methyldimedon  [6] 


X 

mp. 

t 

X 

tn;i. 

■ 

226 

17200 

226 

12100 

226 

14500 

226 

16600 

258 

16500 

226 

14000 

256 

11500 

256 

17500* 

226 

9400 

256 

10500 

226 

10650 

256 

11500 

229 

24300 

2r)8 

17000 

251 

14900 

witli  tlic  decomposition  of  the  compounds.  In  chloroform  solution  such  a  rapid  change  was  not  observed.  The  data 
on  the  ultraviolet  absorption  of  tlie  compounds  mentioned  are  presented  in  Table  1. 

In  the  infrared  spectra  of  the  diphenyliodonium  salts  there  appear  very  characteristic  frequencies  at  about 
15G5  and  Id-IO  cm'*  (the  latter  is  sometimes  masked  by  ilie  absorption  of  tlie  paraffin  oil),  which  correspond  to 
tlic  vibrations  of  the  bonds  of  tlie  coiijtigated  aromatic  ting  [7];  about  680  and  7-10  cm'*  (nonplanar  deformation 
vibrations  of  the  five  aromatic  hydrogen  atoms  [7]),  atid  about  990  cm'*.  For  diphenyliodonium  borofluoride 
characteristic  batids  arc  observed  at  about  lOCO  and  76G  cm'*,  which  certainly  arc  connected  with  vibrations  of 
tlic  B-f-  bond.  The  spectra  of  tlic  iodotiium  salts  of  dimedon  give  a  similar  picture,  where  along  with  the  fre¬ 
quencies  already  mentioned  there  appear  new  ones  tliat  are  characteristic  of  the  enol  eiliers  of  dimedon  (C—O 
bond  about  1040-1050  cm'*,  carbonyl  group  in  the  interval  1630-1600  cm'*,  and  double  bond  about  1550  cm**, 
which  runs  together  with  the  frequency  of  the  aromatic  ring).  The  spectra  were  determined  witli  the  compounds 
in  suspension  in  paraffin  oil,  in  an  IKS -12  apparatus,  and  the  most  characteristic  frequencies  are  given  in  Table 
2. 


Some  of  die  standard  compounds  were  synthesized  for  the  first  time,  in  particular  diphenyliodonium  acetate 
(only  die  unpurified  product  had  been  reported  in  the  literature)  [8]  and  the  ethers  of  iododimedon.  The  ediyl 
ether  of  iododimedon  was  prepared  by  a  new  metliod,  direct  iodination  of  the  enol  ether.  The  compounds  pre¬ 
pared  forma  new  class  of  iodonium  salts.  Some  of  diem  can  be  used,  by  cleaving  them  in  die  presence  of 
nucleophilic  reagents,  to  prepare  dimedon  derivatives  that  have  not  been  obtainable  heretofore. 

EXPERIMENTAL 

Oienyldimedonyliodone  (1)  a)  From  phenyliodosoacetate.  14  g  of  finely  ground  dimedon  was  suspended 
in  50  ml  of  chloroform  and  32.2  g  of  finely  ground  phenyliodosoacetate,  prepared  according  to  directions  in  the 
Uterature  [9],  was  added  gradually,  with  stirring.  The  yellow  solution  that  was  produced  smelled  strongly  of  acetic 
acid  and  solidified  on  cooling.  Tlie  solvent  was  removed  in  vacuo  witli  a  suction  pump,  and  tlie  mass  obtained 
was  treated  with  absolute  etlier.  filtered,  and  carefully  washed  with  ether.  The  white,  matted  material  obtained 
was  dried  in  vacuo.  The  yield  of  plienyldimcdonyliodone  was  30  g  (887o).  M.  p.  136*  (decomp.).  If  the  solution 
was  not  evaporated  but  diluted  with  200  ml  of  absolute  ether,  tlien  the  same  product  was  obtained  witli  m.  p.  136*, 
but  In  80f7o  yield. 

b)  From  phenyliodosobenzoate.  In  a  similar  manner,  0.95  g  (827o)  of  plienyldimedonyliodone  was  obtained 
from  0.47  g  of  dimedon  and  1.5  g  of  phenyliodosobenzoate  (prepared  from  iodosobenzene  and  benzoic  acid;  m.  p. 
156-159*).  M.  p.  125*  (decomp.).  The  preparation  was  anliydrous,  but  tlie  low  melting  point  is  explained  by  a 

•  In  chloroform  solution. 
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Infrared  Spectra  of  lodonium  Salts 


sliglit  coma ininat ion  with  benzoic  acid. 

Reaction  of  Plienyldimedonyliodonc  wiiii  Acetyl  Ch loride.  3  mg  of  acetyl  chloride  was  cooled  in  a  mixture 
of  ice  and  salt  and  3  g  of  plienyldimedonyliodone  was  added  gradually.  The  turbid  solution  was  diluted  with  ab¬ 
solute  ether,  and  the  white  material  was  filtered  and  dried  in  a  desiccator.  A  semisolid  product  was  obtained 
(about  3.5  g),  wliich  was  dissolved  in  chloroform  and  reprecipitated  with  ether.  A  thick  oil  separated  out,  which 
gradually  went  back  into  solution  even  when  kept  at  0".  As  tlte  solution  evaporated  off  while  standing  in  the  air, 
rhombic  crystals  of  chlorodimedon  precipitated  out.  Yield  0.8  g  (5(J7o),  m.  p.  161*  [1]. 

Plicnyl-(0-bcn2oyldimcdonyl)-iodonium  Salts  (VI,  R  =  C>;H5CO).  a)  (X=C1).  5.1  g  of  phenyldimedonyl- 
iodonc  was  wet  wiili  10  ml  of  benzoyl  cliloride.  Tlie  mixture  heated  up,  became  liquid,  and  crystallized  after 
some  time.  The  crystals  were  treated  with  ether,  filtered,  and  dried  in  vacuo.  Yield  of  iodonium  chloride  6.5  g 
(9(f7o),  m.  p.  116*  (decomp.).  The  compound  was  crystallized  by  diluting  a  chloroform  solution  with  etlier. 

Beautiful  colorless  prisms,  rn.  p.  121-122*  (decomp.). 

Found^/o:  1  26.76.  C11H20O3CII.  Calculated *70:  1  26.32. 

The  compound  was  readily  soluble  in  cliloroform,  moderately  so  in  methyl  and  ethyl  alcohols,  difficultly 
soluble  in  water,  and  insoluble  in  ether.  It  decomposed  on  standing. 

When  the  compound  was  treated  with  a  2  N  solution  of  sodium  hydroxide,  it  broke  down  into  the  hydrate 
of  phenyldimcdonyliodonc  and  benzoic  acid,  as  demonstrated  by  mixed  meltii^  points. 

b)  (X  — Br).  0.24  g  of  die  chloride  obtained  in  the  preceding  experiment  was  dissolved  in  2  ml  of  methyl 
alcoliol.and  5  ml  of  a  saturated  aqueous  solution  of  potassium  bromide  was  added.  The  precipitate  was  filtered, 
dried,  and  purified  by  reprecipitation  from  chloroform  and  methyl  alcoliol  widi  ether.  The  white  crystals  of  the 
bromide  melted  at  138*  (decomp.). 

Found  "/o;  1  24.54.  CjiIlioOgUrl.  Calculated  124.10. 

c)  (X  =  1).  0.24  g  of  die  chloride  was  dissolved  in  5  ml  of  methyl  alcohol  and  poured  into  20  ml  of  0.1  N 
aqueous  solution  of  potassium  iodide.  The  yellow  precipitate  was  washed  with  water,  triturated  widi  ether,  and 
filtered. .  The  yield  of  the  iodide  was  0.19  g  (OB.fT/o).  M.  p.  92-98*  (decomp.).  The  compound  was  crystallized 
from  methyl  alcliol.  Yellowish  leaflets.  M.  p.  102-103*  (decomp.).  The  compound  quickly  decomposed  on 
standing. 

Found  %;  1  4  4.65.  CjjHjoOjIj.  Calculated ‘/o;  1  44.25. 

Rtcnyl-(Oediyldimedonyl)-iodonium  Salts  (VI,  R  =  CiH5).  a)  (X  =  BF4).  First  method.  10.3  g  of  phenyl¬ 
dimcdonyliodonc  was  wet  witli  20  ml  of  cliloroform,  6  g  of  tricthyloxonium  borofluoride  [10]  was  added,  and  die 
mixture  was  heated  to  boiling.  An  almost  colorless  solution  was  obtained.  After  24  hours  the  crystals  that  had 
precipitated  were  filtered  and  washed  with  chloroform  and  ether.  The  yield  of  the  iodonium  borofluoride  was  9  g 
(65.ff7»).  M.  p.  159*  (dccomp.).  The  compound  was  crystallized  from  methyl  alcohol  by  precipitating  with  ether 
(10  ml  of  anhydrous  methanol  and  30  ml  of  absolute  edier  to  1  g  of  compound).  Long,  shining  prisms.  M.  p. 
164-165*  (decomp.). 

Second  method.  1.7  g  of  plienyldimedonyliodone  was  wet  widi  2  ml  of  diethylsulfate  (freshly  distilled) 
and  heated  at  60"  for  2  hours.  The  brown  solution  was  shaken  vigorously  with  20  ml  of  ether.  The  diick  oil  that 
was  obtained  was  dissolved  in  1.5  ml  of  methanol  and  poured  into  15  ml  of  saturated  ammonium  borofluoride  so- 

*  lution.  The  oil  was  extracted  with  15  ml  of  chloroform  and  die  solution  was  evaporated.  The  dark  yellow  oil 
was  dissolved  in  10  ml  of  anliydrous  alcohol  and  diluted  widt  43  ml  of  absolute  cdier.  After  some  time,  0.17  g 
(7.37o)of  plienyl-(0-cthyldimcdonyl)-iodonium  borofluoride  was  obtained.  M.  p.  154-156*  (dccomp.).  After 

•  crystallization  die  m.  p.  was  164*  (decomp.).  The  compound  was  readily  soluble  in  methanol,  moderately  so  In 
cold  chloroform  and  edianol,  difficultly  soluble  in  cold  water,  and  insoluble  in  ether.  It  decomposed  on  standing. 

Foiind^yo;  1  27.98,27.45.  C16H20O2BF4I.  Calculated  7o:  1  27.79. 

b)  (X  =  Br).  First  method.  1  g  of  the  borofluoride  obtained  in  die  preceding  experiment  was  dissolved  in 
5  ml  of  mcdianol.and  40  ml  of  2  N  aqueous  sodium  bromide  solution  was  added.  Crystals  of  the  corresponding 
iodonium  bromide  slowly  separated  out  (0.6  g,  60.570).  M.  p.  156-157*  (dccomp.).  The  compound  was  crystallized 
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was  wet  wiili  2  ml  of  Ireshly  distilled  dimetliyl  sulfate  and  heated  at  70-75*  for  10  minutes.  The  solution  was 
diluted  with  20  ml  of  etlier  and  vigorously  shaken.  The  oil  that  separated  was  dissolved  in  7  ml  of  water,  filtered, 
and  2  g  of  finely  ground  ammonium  borofluoride  was  added.  The  oily  mass  that  was  produced  was  extracted  with 
25  ml  of  chloroform  and  die  solution  obtained  was  evaporated  at  30-40*.  The  semicrystalline  mass  was  kept  under 
vacuum  for  24  hours.  Yield  alxjut  2  g.  The  product  was  dissolved  in  10  ml  of  anhydrous  metlianol  and  diluted 
witli  50  ml  of  absolute  ether.  After  24  hours. shining  crystals  of  phcnyl-(0-mcthyldimcdonyl)-iodoniurn  borofluo¬ 
ride  were  obtained.  Yield  0.91  g  (dl^o).  M.  p.  153-155*  (decomp.).  The  compound  decomposed  on  standing. 

Found 1  28.65.  Ci5nj802l3F4l.  Calculated  *70:  1  28.60. 

b)  (X  =  nr).  In  a  manner  entirely  similar  to  the  preceding  experiment,  1.7  g  of  phcnyldimedonyllodoue 
and  6  g  of  sodium  bromide  yielded  1.6  g  of  a  noncrystalline  mass,  which  was  dissolved  in  10  ml  of  anliydrous 
methanol  and  diluted  with  45  ml  of  absolute  etlier.  Crystals  of  tlie  iodonium  bromide  gradually  precipitated 
(0.5  g,  23yo).  M.p.  128-129*  (decomp.).  After  repeated  crystallization  tlie  m.  p.  was  132-134*  (dccomp.). 

Found  ■yo:  1  28.89.  CuHigOzBrl.  Calculated ‘yo:  1  29.06. 

c)  (X  =  1).  0.4  g  of  phenyl-(0-mctltyldimedonyl)-iodonium  borofluoride  was  dissolved  in  30  ml  of  water 
and  precipitated  with  potassium  iodide  solution.  0.4  g  of  a  wliite  powder  precipitated.  It  was  crystallized  by  di¬ 
luting  a  metlianolic  soltttion  witli  etlier.  Colorless  crystals  of  phenyl-(0-mcthyldimcdotiyl)-iodonium  iodide  were 
formed.  M.  p.  123-124*  (decomp.).  The  cotnpound  decomposed  on  standing. 

Found ‘y**:  1  52.64.  C15H18O2I2.  Calculated ‘yo;  1  52.48. 
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Adduct  of  Phcnyldimcdonyliodone  and  Methylsulfuric  Acid  (VIII,  A  =C!IaSQ4H).  0,85  g  of  phenyldimcdonyl- 
iodonc  was  dissolved  in  1  ml  of  methanol  and  1  ml  of  dimethyl  sulfate  was  added.  After  24  hours  tlic  mixture  was 
shaken  vigorously  wiili  ether  (twice  with  15  ml).  The  oil  obtained  slowly  crystallized.  The  yield  of  the  adduct 
was  0.8  g  (70.3'/>j).  M.  p.  110-114*  (decomp.).  The  compound  was  crystallized  by  adding  ctlter  to  a  mcthanolic 
solution.  Colorless,  shining  crystals.  M.  p.  120-1*21*  (dccomp.).  The  product  decomposed  rapidly  on  standing. 

Found ‘/o:  I  27.G7.  CisIligOcSI.  Calculated ‘y®:  1  27.95. 

The  compound  was  readily  soluble  in  alcohols  and  chloroform,  insoluble  in  ether.  When  it  was  shaken  with 
water  it  dissolved  instantaneously,  but  after  some  time  crystals  of  the  hydrate  of  phcnyldimcdonyliodone  with 
m.  p.  123-124*  (decomp.)  began  to  separate  out.  Yield  B'^o.  A  mixed  sample  with  a  known  preparation  [1]  gave 
no  depressiott  in  meltitig  point.  When  hydrolysis  was  carried  out  in  the  presence  of  potassium  bromide  or  iodide, 
bromo-  or  iododimedon  was  obtained. 

Diphcttyliodoniittn  Acetate.  3.6  g  of  diphenyliodoniitm  bromide  and  2  ml  of  water  were  triturated  with 
moist  silver  oxide  (prepared  from  3  g  of  silver  niuaic),  to  the  filtrate  was  added  0.5  ml  of  acetic  acid,  and  the 
mixture  was  evaporated.  The  product  was  purified  by  precipitating  it  several  times  from  chloroform  witli  ether. 
The  yield  of  diphenyliodonium  acetate  was  1.5  g  {44’lo),  Shining  leaflets.  M.  p.  149-151*  (according  to  the 
literature  [8]  ~120*).  The  compound  was  readily  soluble  in  water,  alcohols,  and  cliloroform,  insoluble  in  ether. 

Found ‘’/o;  1  37.49.  Ci^HjaOjl.  Calculated ‘’/o:  1  37.35. 

O-Bcnzoyl-2-iododimcdon.  7.4  g  of  the  sodium  salt  of  2-iododimcdon,  20  ml  of  dioxane,  and  3  ml  of 
benzoyl  chloride  were  boiled  for  30  minutes,  cooled,  and  diluted  with  60  ml  of  water.  Yield  8.3  g  (87*70)  of 
yellow,  crystalline  O-bcnzoyl-2-iododimcdon.  M.  p.  75-81*.  'I'hc  compound  was  crystallized  from  ethanol  (2  ml 
of  ethanol  to  1  g  of  the  compound).  Yellowish  crystals.  M.  p.  81-85*.  When  the  compound  was  boiled  with 
alkali  it  broke  down  easily  into  benzoic  acid  and  2-iododimedon. 

Found‘’/o:  131.91.  CJ5II15O3I.  Calculated  *70:  1  34.32. 

O-Ethyl-2-iododimcdon.  2.4  g  of  O-eihyldimedon  and  1.4  g  of  potassium  acetate  were  dissolved  in  10  ml 
of  acetic  acid  and  2.9  g  ol  the  complex  of  iodine  chloride  witlt  dioxane  (m.  p.  103*  [11])  was  added.  After  15 
minutes  die  mixture  was  diluted  with  water  and  shaken.  3  g  of  a  brown,  crystalline  powder  was  obtained  witli 
m.  p.  70-100*.  This  material  was  crystallized  from  3  ml  of  methanol;  yield  0.65  g.  M.  p.  100-110*.  The  pro¬ 
duct  was  crystallized  again  from  30  ml  of  etlter.  White,  lustrous  platelets  of  O-cthyl-2-iododimedon  precipitated. 
Yield  0.27  g  (6.{?7o).  M.  p.  130-131*. 

Found*?**:  1  42.98.  CjoHisOjI.  Calculated ‘7o:  1  43.20. 

In  metlianolic  solution  in  the  presence  of  a  small  amount  of  hydrochloric  acid  the  compound  split  smoothly 
to  give  2-iododimcdon. 

SU  MMARY 

1.  The  reaction  of  dimedon  with  phenyliodosoacctate  is  a  convenient  mctliod  for  die  preparation  of  phenyl- 
di  medonyliodone . 

2.  By  alkylation  and  acylation  of  phenyldimedonyliodonc,  iodonium  salts  have  been  obtained,  whose  struc¬ 
ture  has  been  demonstrated  by  their  reactions  and  by  their  ultraviolet  and  infrared  absorption  spectra. 
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There  has  been  little  work  on  the  development  of  synthetic  methods  for  the  preparation  of  5-substituted 
quinuclidiiic-2-carboxylic  acids.  Only  one  route  has  been  described  for  die  synthesis  of  5-hydroxy(meilioxy)- 
eihylquinuclidinc-2-carboxylic  acid  [1],  starting  with  trichlorocollidinc. 


In  the  present  communication  we  describe  the  preparation  of  5-substltuied  quinuclidine-2-carboxylic  acids 
by  tlie  following  scheme. 
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The  starting  material  was  the  lutidine  fraction  (b.  p.  155-160*)  of  pyridine  bases  consisting  mainly  of  2,4- 
and  2,5-lutidines.  Conversion  of  2,4-lutidine  to  the  dimetJiyl  ester  of  2,4-pyridinedicarboxylic  acid  (II)  was 
accomplislicd  by  two  methods.  In  the  first  method,  oxidation  was  carried  out  with  potassium  permanganate  in 
aqueous  medium  at  70*.  In  contrast  to  the  method  described  in  tlie  literature,  which  was  based  on  oxidation  of 
a  lutidine  fraction  consisting  of  approximately  equal  amounts  of  2,4-  and  2,5-luiidines  and  subsequent  separation 
of  the  acids  [2],  their  silver  salts  [3],  or  their  methyl  esters  [4],  we  used  for  the  oxidation  a  mixture  containing 
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not  mere  than  157o  2,5-liitidine.  Enrichment  of  ilie  2,4-lutidinc  content  was  achieved  by  selective  precipitation 
of  its  hydrocliloride  from  tlie  lutidine  fraction  [5].  When  the  enriched  2,'1-luiidine  was  oxidized,  a  mixture  was 
obtained  tliat  contained  inorganic  salts  of  2,4-pyridinedicarboxylic  acid,  a  number  of  methylpyridincmonocarboxylic 
acids,  and  also  some  2,5-pyridincdicarlx)xylic  acid.  To  separate  the  reaction  products,  die  mixture  of  acids  ob¬ 
tained  was  subjected  to  esterification  with  methanol  in  the  presence  of  sulfuric  acid.  By  fractional  distillation  of 
the  methyl  esters  that  were  formed  it  was  easily  possible  to  separate  the  mixture  of  dimethyl  esters  of  pyridine- 
dicarboxylic  acids  from  the  methyl  esters  of  methylpyridincmonocarboxylic  acids.  Crystallization  of  the  dimetliyl 
esters  from  mctltanol  permitted  complete  removal  of  the  contaminating  dimethyl  ester  of  2,5-pyridincdicarboxylic 
acid.  The  yield  of  (II)  based  on  the  enriched  2,‘1-lutidinc  was  about  237>  by  this  method. 

The  second  method  of  preparing  the  dimetliyl  ester  of  2,4-pyridinedicarboxylic  acid,  which  was  based  on 
oxidation  by  nitric  acid  of  the  reaction  products  of  the  lutidine  fraction  with  formaldehyde,  proved  to  be  more 
convenient.  In  tliis  method  die  necessity  of  separating  the  2,4- lutidine  was  avoided.  Of  the  2,4-  and  2,5-lutl- 
dincs  contained  in  tlic  lutidine  fraction,  only  tlie  2,4-lutidinc  is  capable  of  reacting  witli  formaldehyde  to  give 
metliylol  derivatives  of  botli  methyl  groups.  In  2,5-lutidinc  the  mctliyl  group  in  position  5  does  not  react  with 
formaldehyde.  Therefore,  after  oxidation  of  tlie  mixture  of  tlic  metliylol  derivatives  with  nitric  acid  tlie  sole 
dicarboxylic  acid  is  acid  (1),  wliich  is  easily  separable  in  tlie  form  of  tlie  dimethyl  ester  from  the  other  reaction 
products.  The  yield  of  ester  (II)  was  56.67o  based  on  the  2,4-lutidinc  contained  in  tlie  fraction. 

Preliminary  experiments  showed  that  tlie  dimethyl  ester  of  2,4-pyridinedicarboxylic  acid,  in  contrast  to 
tlie  methyl  ester  of  isonicotinic  acid  [6],  does  not  react  with  bromoacctic  ester.  The  formation  of  a  quaternary 
salt  was  not  observed  even  when  tlie  reaction  was  carried  out  for  16  hours  in  boiling  xylene. 

In  connection  with  this  another  variation  of  the  method  was  used.  Ester  (II)  was  reduced  in  the  presence  of 
platinum  and  the  dimethyl  ester  of  pipcridinc-2,4-dicarhoxylic  acid  (III)  that  was  produced  in  tliis  way  was  alkyl¬ 
ated  [7]  with  the  methyl  ester  of  bromoacctic  acid  to  form  the  dimethyl  ester  of  l-carboinetlioxymethylpiperidine- 

2.4- dicarboxylic  acid  (IV). 

When  the  catalytic  hydrogenation  of  ester  (II)  was  carried  out,  it  was  noted  that  going  to  a  larger  sample 
(about  300  g)  resulted  in  a  slowing  down  of  the  jiroccss.  In  connection  witli  tliis  we  studied  tlic  hydrogenation  of 

2.4- pyridinedicarlx)xylic  acid  (I),  which  was  prepared  in  94.T/n  yield  by  hydrolysis  of  the  dimethyl  ester  (II)  with 
hydrocltloric  acid.  The  hydrogenation  of  (I)  was  carried  out  in  hydrochloric  acid  in  tlic  presence  of  a  platinum 
catalyst.  As  in  tlic  first  case,  the  liydrogcnation  process  was  retarded  on  going  to  a  larger  sample. 

Esterification  of  2,4-pipcridincdicarboxylic  acid  (IX)  was  carried  out  by  various  methods:  1)  by  conver¬ 
sion  to  the  diacid  chloride  witli  the  aid  of  thionyl  chloride  and  subseciucnt  treatment  with  anhydrous  methanol; 
yield  7.3yo;  2)  by  boiling  ilirce  times  with  a  meihanolic  solution  of  liydrogcn  cliloridc;  yield  49.27o;  3)  by 
heating  at  boiling  witli  anltydrous  methanol  and  concentrated  sulfuric  acid;  yield  74.07o. 

By  cyclization  of  tlic  dimetliyl  ester  of  l-carbomcthoxymethylpiporidinc-2,4-dicarboxylie  acid  (IV)  by 
tlie  method  of  Dicckmann  and  subsequent  cleavage  of  tlic  keto  dicster  we  obtained  5-l<etocjiiinuclidiiic-2-carboxylic 
acid  (V).  To  isolate  (V)  tlie  reaction  mass  was  evaporated  to  dryness  and  subjected  to  esterification.  The  mediyl 
ester  of  5-ketoquinuclidiiic-2-carboxylic  acid  (VI)  was  obtained  in  61.2’/>>  yield.  Hydrolysis  of  (VI)  led  to  the  hydro¬ 
chloride  of  5-kcto(iuinuclidinc-2-carboxylic  acid. 

A  study  of  the  various  methods  of  preparitig  the  methyl  ester  of  5-l<etoquit)uclidine-2-carboxylic  acid  showed 
the  following  facts:  a)  compound  (V)  practically  does  not  react  with  thionyl  chloride;  b)  conversion  of  (V)  to 
the  acid  chloride  with  phosphorus  trichloride  and  subsequent  treatment  with  methanol  gives  the  ester  (VI)  in  39.27o 
yield;  c)  esterification  of  (V)  with  methanol  and  sulfuric  acid  gives  a  5‘f7o  yield;  d)  csterfication  of  (V)  widi  a 
methanolic  solution  of  hydrogen  chloride  mtkes  it  possible  toobtain(VI)in  71.37<»  yield. 

By  transcstcrification,  the  dicthylaminocthyl  ester  of  5-kctoquinuclidine-2-carboxylic  acid  (X)  was  ob¬ 
tained  from  ester  (VI). 

The  keto  group  in  (VI)  was  reduced  with  a  platinum  catalyst  to  the  hydroxy  group.  The  mediyl  ester  of 
5-hydroxyquinucIidine-2-carboxylic  acid  (VII)  that  was  obtained  in  quantitative  yield  by  this  procedtire  was  con¬ 
verted  by  acetylation  with  acetic  anhydride  to  the  mediyl  ester  of  5-acetoxyquinuclidinc-2-carboxylic  acid 
(VIII). 
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EXPERIMENTAL 


Dimethyl  Ester  of  2,4-Pyridiiicdicarboxylic  Acid  (II).  a)  60  g  of  technical  2,4-lutidine,  isolated  through 
tlie  hydrochloride  f.'l]  from  the  fraction  of  lutidine  bases  witti  b.  p.  155-160*,  was  dissolved  in  300  ml  of  water. 

To  the  solution  obtained  was  added,  wiilt  stirring,  354  g  of  potassium  permanganate  in  35.4  g  portions.  Each 
portion  was  added  only  after  complete  reduction  of  the  preceding  portion,  i.e.,  at  intervals  of  about  1  hour.  The 
temperature  of  tire  reaction  mixture  was  held  constant  at  70*.  The  total  dtiration  of  the  reaction  was  about  10 
hours.  When  the  reaction  was  ended,  the  manganese  dioxide  was  filtered  off  and  washed  twice  by  boiling  with 
water,  using  150  ml  each  time.  1  he  filtrate  and  tlie  wash  water  were  acidified  with  concentrated  sulfuric  acid 
to  pH  7  (universal  indicator).  The  solution  obtained  was  evaporated  to  dryness  and  tlie  residue  was  dried  to  con¬ 
stant  weight.  To  the  mixture  of  pyridincdicarboxylic  acids  and  potassium  sulfate  that  was  produced  were  added 
510  ml  of  anltydrous  methanol  and  185  ml  of  concentrated  sulfuric  acid.  The  reaction  mixture  was  boiled,  with 
stirring,  for  4  hours,  cooled,  and  poured  over  ice.  After  the  mixture  had  been  made  alkaline  to  phenolplithalcin 
with  sodium  carbonate,  it  was  extracted  with  chloroform.  The  chloroform  solution  was  dried  with  potassium 
carbonate  and  after  the  solvent  was  distilled  off,  the  compound  was  distilled  in  vactio.  Two  fractions  were  collected: 
1st  with  b.  p.  80-118*  (3  mm),  15.72  g  of  a  mobile  liquid  which  apparently  was  a  mixture  of  the  methyl  esters  of 
metltylpyridincmonocarlxDxylic  acids;  2nd  with  b.  p.  118-120*  (3  mm),  34.46  g  of  colorless  crystals,  wliich  were 
a  mixture  of  the  dimethyl  esters  of  2,4-pyridinedicarboxylic  acid  and  2,5-pyridincdicarboxylic  acid.  Tlie  latter 
ester  was  obtained  from  2,5-lutidine  contained  as  a  contaminant  in  tlie  oxidized  technical  2,4-lutidine. 

To  separate  the  dimeiliyl  esters  of  2,4-pyridinedicarboxylic  acid  and  2,5-pyridincdicarboxylic  acid,  the 
mixture  was  rccrystallizcd  from  35  ml  of  methanol.  Ry  this  treatment  tlie  dimethyl  ester  of  2,5-pyridincdicarboxylic 
acid  was  isolated  in  tlie  form  of  crystals  with  m.  p.  144-149*.  Weight  2.49  g.  After  recrystallizaiion  from  benzene 
tlie  m.  p.  was  160- 161*.* 

Found €  55.30,  55.43;  114.55,4.79;  N  7.16,  7.01.  C9H9O4N.  Calculated  "/o:  C  55.38;  114.64; 

N  7.17. 

The  dimethyl  ester  of  2,4-pyridinedicarboxylic  acid  remained  in  the  mctltanol  solution.  We  then 
evaporated  off  the  methanol.  The  residue  (31.4  g)  was  treated  with  850  ml  of  boiling  petroleum 

ether.  The  hot  solution  was  decanted  from  the  insoluble  oily  material.  Upon  cooling,  crystals  of  tlie  dimethyl 
ester  of  2,4-pyriditicdicarboxylic  acid  precipitated  fiom  the  petroleum  ether.  Yield  22.3  g  (24.85’/>»  based  on 
the  technical  2,4-lutidinc).  Colorless  crystals,  tn.  p.  57. 5-58. 4*. ••  The  compound  was  readily  soluble  in  the 
usual  organic  solvents,  and  poorly  soluble  in  water. 

Found^o;  €  55.84,55.60;  11  4.68,4.62;  N  7.37,  C9H9O4N.  Calculatcd'7o :  C  55.38;  H4.64;  N  7.17. 

The  hydrochloride  formed  colorless  crystals  with  m.  p.  128-128.5!  It  was  readily  soluble  in  water  and 
alcohols,  poorly  soluble  in  acetone,  insoluble  in  etlicr,  benzene,  toluene,  and  chloroform. 

Found'yo:  C  47.10,  47.05;  H  4.62,  4.63;  N  5.68.  C9H9O4N  •  HCl.  Calculated  7«:  C  46.70;  H  4.32;  N  6.04. 

b)  50.33  g  of  tlie  unseparated  lutidine  fraction  (containing  6.78’/o  of  water  and  2,4-lutidine)  and  660  ml 
of  28%  formalin  were  heated  in  a  3-litcr  rotating  autoclave  at  125-130*  for  19  hours.  In  the  reaction  process  tlie 
excess  pressure  in  tlie  autoclave  rose  from  4  to  9  atm.  After  the  reaction  mass  had  cooled,  it  was  unloaded  from 
tlie  autoclave  and  the  excess  formalin  was  stcarn-distilled  off.  The  residue  was  poured  gradually,  over  a  period  of 
2  hours,  into  790  ml  of  nitric  acid  (d  1.35)  that  was  heated  to  60*.  The  reaction  was  accompanied  by  tlie  evolu¬ 
tion  of  heat  and  the  liberation  of  oxides  of  nitrogen.  The  reaction  mixture  was  heated  for  4  hours  on  a  boiling 
water  bath.  The  excess  nitric  acid  was  steam-distilled  off.  The  residue  was  evaporated  to  dryness  in  a  porcelain 
disli  and  dried  to  constant  weight.  420  ml  of  aTiiydrous  methanol  and  155  ml  of  concentrated  sulfuric  acid  were 
added  to  the  mixture  of  nitrates  of  pyridinedicarboxylic  acids  that  had  been  formed.  The  reaction  mass  was 
boiled  for  4  hours,  after  which  it  was  cooled  and  poured  onto  ice.  After  tlie  resulting  mixture  had  been  made 
alkaline  to  phcnolphtlialcin  witli  sodium  carbonate,  it  was  extracted  with  chlorofornt.  The  chloroform  solittion 


•In  tlie  literature  there  is  a  description  of  the  dimethyl  ester  of  2,5-pyridinedicarboxylir  acid  obtained  after 
oxidation  of  the  qtiinaldine  [8]  with  m.  p.  161-163*,  and  after  oxidation  of  2,5-ltitidine  [4,  9]  with  m.  p.  164*. 
••According  to  the  literature  the  dimethyl  ester  of  2,4-pvridinedicarboxylic  acid  melts  at  56*  [9],  or  56-61* 
[4]. 
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was  dried  wiili  potassium  carbonate  and,  after  the  solvent  had  been  distilled  off,  tlie  compound  was  distilled  in 
vacuo.  Two  fractions  were  obtained:  1st  with  b.  p.  80-118*  (3  mm),  21.31  g  of  a  mobile  liquid  that  apparently 
was  a  mixture  of  tltc  methyl  esters  of  methylpyrldlnemonocarboxyllc  adds;  2nd  with  b.  p.  118-120*  (3  mm), 

23.15  g  (56.37o  based  on  the  2,4-lutldlnc  contained  In  the  lutldlne  fraction)  of  colorless  crystals  that  were  the 
pure  dimethyl  ester  of  2,4-pyrldlnedicarboxylic  acid,  m.  p.  57.5-58*  (from  petroleum  etlier).  The  compound 
was  Identical  with  the  dlmetltyl  ester  of  2,4-pyrldlnedicarboxyllc  acid  prepared  by  the  first  method  and  gave  no 
depression  in  melting  point  in  a  mixed  sample. 

2,4-Pipcridincdlcarboxyllc  Acid(IX).  2.81  g  of  2,4-pyrldlncdlcarboxyllc  add  obtained  by  hydrolysis 
of  the  dimethyl  ester  of  2,4-pyridincdlcarboxylic  acid  [4]  was  dissolved  In  70  ml  of  107<j  hydrochloric  add  and 
hydrogenated  in  the  presence  of  a  platinum  catalyst,  prepared  as  described  by  Adams,  at  room  temperature  and 
a  pressure  of  20-30  cm  of  water.  The  catalyst  was  filtered  off  and  the  filtrate  was  evaporated  In  vacuo.  The  te-, 
sidue  was  repredpitated  from  a  mctlianolic  solution  by  acetone.  3.16  g  (89.77'?)  of  the  hydrochloride  of  2,4-plperl- 
dincdicarboxylic  add  was  obtained.  The  colorless,  crystalline  compound  was  readily  soluble  In  water  and  alco¬ 
hols,  but  insoluble  in  other  ordinary  organic  solvents;  m.  p.  224-226*. 

Found'7o;  C  40.47;  H  5.80;  N  6.41,  6.37;  Cl’ 17.09.  CtHijO^N -HCl.  Calculated ‘7o:  C  40.10;  H  5.77; 

N  6.68;  Cr  16.91. 

Dimethyl  Ester  of  2,4-Pipcridinedicarboxyllc  Acid  (III),  a)  78.88  g  of  die  dimethyl  ester  of  2,4-pyrldlne¬ 
dicarboxylic  acid  was  dissolved  in  COO  ml  of  anliydrous  methanol  and  hydrogenated  in  the  presence  of  2.9  g  of 
platinum  catalyst,  prepared  as  described  by  Adams,  at  room  temperature  and  a  pressure  of  20-30  cm  of  water. 

The  catalyst  was  filtered  off  and  the  filtrate  was  evaporated  in  vacuo.  The  residue  was  recrystallized  from  a 
mixture  of  dioxanc  and  medianol  (10  ;  1).  80.5  g  {8-i'Io)  of  the  hydrochloride  of  the  dimethyl  ester  of  2,4-piperl- 
dincdicarboxylic  acid  was  obtained.  The  colorless  crystals  were  soluble  in  water,  alcohols,  and  chloroform,  in¬ 
soluble  in  ether,  acetone,  benzene,  toluene,  and  petroleum  etlier;  m.  p.  151.5-152*. 

Found  7o:  C  45.87;  H  6.99;  N  5.59.  C9H,504N  •  MCI.  Calculated  7o:  C  45.50;  H  6.77;  N  5.89. 

To  a  solution  of  15  g  of  the  hydrochloride  of  the  dimethyl  ester  of  2,4-piperidinedlcarboxyllc  acid  in  15  ml 
of  water  was  added  30  ml  of  bCfJo  potassium  carbonate  solution,  and  tlie  mixture  was  extracted  with  ether.  The 
ether  solution  was  dried  with  potassium  carbonate  and  the  ether  was  distilled  off.  The  residue  was  distilled  in 
vacuo.  12.69  g  (90.37?)  of  the  dimethyl  ester  of  2,4-piperidinedicarboxylic  acid  was  obtained.  The  colorless, 
oily  material  was  readily  soluble  in  water  and  the  usual  organic  solvents.  B.  p.  104-105*  (0.2  mm),  n**’D  1.4708. 

Found  7?:  C  53.65;  H  7.51;  N  6.96;  7.28.  C9H15O4N.  Calculated  7o:  C  53.71;  H  7.51;  N  6.96. 

b)  A  mixture  of  4  g  of  tlie  hydrochloride  of  2,4-piperidinedIcarboxylic  acid,  40  ml  of  anhydrous  methanol, 
and  15  ml  of  concentrated  sulfuric  add  was  boiled  for  4  hours.  The  reaction  mixture  was  poured  onto  ice,  treated 
with  sufficient  5C7<’  potassium  carbonate  solution  to  give  an  alkaline  reaction  to  phenolphthalein,  and  extracted 
with  chloroform.  The  chloroform  solution  was  dried  with  potassium  carbonate,  the  chloroform  was  distilled  off, 
and  the  residue  was  distilled  in  vacuo.  The  yield  of  the  dimethyl  ester  of  2,4-piperidincdicarboxyllc  acid  with 
b.  p.  104-105*  (0.2  mm)  was  2.86  g  (74.67o). 

Dimcihyl  Ester  of  2,5-Plpcridiiicdicarboxylic  Acid.  3  g  of  the  dimethyl  ester  of  2,5-pyridInedlcarboxylIc 
acid  was  dissolved  in  40  ml  of  anliydrous  methanol  containing  0.93  g  of  hydrogen  chloride  and  was  hydrogenated 
with  plaiinuni  catalyst,  prepared  as  described  by  Adams,  under  tlie  conditions  described  for  tlie  preparation  of 
compound  (III).  The  yield  of  the  hydrochloride  of  tlie  dimethyl  ester  of  2,5-pipcridinedicarboxylic  acid  was  3.62  g 
(lOOT?).  The  colorless  crystals  were  soluble  in  water,  alcohols,  and  chloroform,  poorly  soluble  in  acetone,  and  in¬ 
soluble  in  ether,  benzene,  toluene,  and  dioxanc.  M.  p.  199.5-200*  (from  a  mixture  of  methanol  and  dioxane  1 : 10). 

Found  7«:  C  45.47;  H  6.72;  N  6.13,  6.25.  C9H15O4N  •  IICl.  Calculated  7o:  C  45.50;  116.77;  N  5.89. 

Dimeiliyl  Ester  of  l-Carbornethoxytnctliyl-2,4-pipcridincdicarboxyllc  Acid  (IV).  7.52  g  of  the  dimethyl 
ester  of  2,4-pipcridinedicarboxylic  acid,  7.14  g  of  the  metliyl  ester  of  bromoacctic  acid,  and  3.23  g  of  ground, 
calcined  potassium  carbonate  were  heated,  witli  stirring,  for  4  hours  in  50  ml  of  boiling  xylene.  After  the  re¬ 
action  mixtmc  had  cooled,  50  ml  of  water  was  added,  the  xylene  layer  was  separated  off,  and  the  aqueous  solu¬ 
tion  was  extracted  with  chloroform.  The  combined  xylene  and  chloroform  extracts  were  dried  with  potassium 
carbotiate.  The  solvents  were  distilled  off  and  the  residue  was  distilled  in  vacuo.  5.72  g  (56.27?)  of  the  dimethyl 
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ester  of  l-carbotncilioxymctliyl-2,4-pipcridincdicarboxylic  acid  was  obtained.  The  oily  liquid  was  readily  so¬ 
luble  in  water,  alcoliol,  acetone,  chloroform,  and  benzene,  and  almost  insoluble  in  ether.  D.  p.  137-138*  (0.5 
inm),  n*®D  1.4717. 

Found'yo:  C  52.95,  53.11;  11  7.04,  7.02;  N  5.01.  CijIIigOfiN.  Calculated C  52.74;  H  7.01,  N  5.13. 

The  mctliiodide  formed  colorless  crystals  tliat  were  soluble  in  water  and  alcohols,  insoluble  in  etlier,  benzene, 
acetone,  and  dioxane.  M.  p.  135-136’  (from  acetone). 

Found^/o;  N  3.09;  T  30.90.  CjjUjjOeNl.  Calculated '7o:  N  3.37;  1*30.57. 

Metltyl  F’stcr  of  5-Kctoquinuclidinc-2-carboxylic  Acid  (VI).  A  mixture  of  0.914  g  of  metallic  potassium, 

1.5  ml  of  anhydrous  mcihanol,  and  10  ml  of  anhydrous  lolucrc  was  licated,  witli  stirring,  on  an  oil  batli  to  120*. 

To  tlie  boiling  reaction  mixture  was  added  gradually  a  solution  of  2.55  g  of  the  dimciliyl  ester  of  1-carbomethoxy- 
metliyl-2,4-pipcridinedicarboxylic  acid  in  10  ml  of  anliydrous  toluene.  Boiling  was  continued  for  5  more  hours. 

After  iltc  mixture  had  cooled,  2  ml  of  water  was  added,  the  aqueous  layer  was  separated  off,  and  the  dimethyl 
ester  of  l-carbometlioxymetliyl-2,4-pipcridincdicarboxylic  acid  that  had  not  reacted  (0.17  g)  was  extracted  with 
ether.  To  tlie  aqueous  layer  was  added  30  ml  of  concentrated  hydrochloric  acid  and  the  solution  obtained  was 
boiled  for  15  hours.  It  was  then  evaporated  to  dryness.  The  residue  was  dried  to  constant  weight  and  treated  at 
boiling  for  4  hours  witli  30  ml  of  a  methanolic  solution  of  hydrogen  chloride.  Tlie  reaction  mixture  was  evaporated 
to  dryness  in  vacuo.  The  operation  of  boilinj;  witii  the  methanolic  solution  of  hydrogen  chloride  was  repeated 
twice  more.  The  residue  from  tlie  last  distillation  of  hydrogen  chloride  was  treated  witli  a  5(f/o  solution  of 
potassium  carbonate  and  extracted  widi  ether.  The  ether  extract  was  dried  with  potassium  carbonate.  The  ether 
was  distilled  off  and  die  residue  was  distilled  in  vacuo.  1.05  g  (61.27o)  of  the  methyl  ester  of  5-l<ctoquinuclidine- 
2-carboxylic  acid  was  obtained.  The  viscous  liquid  was  readily  soluble  in  the  usual  organic  solvents,  poorly  so¬ 
luble  iti  water.  B.  p.  113-114*  (0.5  mm),  n*®D  1.4348. 

Found  “/o:  N  7.78,  7.28.  C9M13O3N.  Calculated  "/o:  N  7.65. 

b)  Esterification  of  2.22  g  of  the  pure  hydrochloride  of  5-l<etoquinticliditie-2-carboxylic  acid  with  a 
methanol  solution  of  hydrogen  chloride  was  carried  out  under  tlie  conditions  described  above.  The  yield  of  the 
metltyl  ester  of  5-!<etoquinuclidine-2-carboxylic  acid  was  1.41  g  (71.3yo),  b,  p.  113-114*  (0.5  mm),  n^^D  1.4848. 

5-Kctoquinuclidinc-2-carhoxylic  Acid  (V).  A  solution  of  5.49  g  of  the  methyl  ester  of  5-kcioquinuclidinc- 
2-carboxylic  acid  in  55  ml  of  coticeiitrated  hydrocliloric  acid  was  refluxed  for  4  hours.  The  reaction  mixture  was 
diluted  with  water  until  tlie  crystals  of  the  hydrocliloridc  of  5-l<ctoquiiujclidinc-2-carboxylic  acid  tliat  had  pre¬ 
cipitated  were  completely  dissolved.  The  solution  was  decolorized  with  carbon  atid  evaporated  in  a  porcelain 
dish  to  a  volume  of  7  ml.  The  crystals  that  had  precipitated  were  filtered  off,  waslted  with  1  ml  of  water,  with 
acetone,  and  with  anhydrous  methanol.  The  yield  of  tlie  hydrochloride  of  5-kcioquitiuclidine-2-carboxylic  acid 
was  5.53  g  (89.7’/o).  Colorless  crystals,  m.  p.  260*  (decomp.).  The  compound  was  poorly  soluble  in  water  and  in¬ 
soluble  in  the  usual  organic  solvents. 

Found^o:  C  46.98;  H  5.62;  N  6.87,  6.45;  Cl'  17.26,  17.39.  CgHnOaN  *  HCl.  Calculated  *70;  C  46.72; 

H  5.88;  N  6.81;  Cl*  17.24. 

Dicthylaminoeiliyl  Ester  of  5-Kctoquinuclidine-2-carboxylic  Acid  (X).  To  a  mixture  of  dicthylaminocthanol 
and  sodium  alcoholatc  prepared  from  0.05  g  of  metallic  sodium  and  62  ml  of  freshly  distilled  diethylamino- 
etlianol  was  added  6.2  g  of  the  mciliyl  ester  of  5-ketoquinuclidine-2-carboxylic  acid.  The  reaction  mixture  was 
heated,  with  stirring,  for  4.5  hours  at  155-160”,  while  die  methyl  alcohol  formed  by  transesterification  was  con- 
linuotisly  distilled  off.  The  excess  dicthylaminocthanol  was  distilled  off  in  vacuo.  The  residue  was  treated  widi 
b(f!o  potassiutn  carbonate  soitttion  and  extracted  witli  etlier.  The  edier  cxuact  was  dried  with  potassium  carbonate. 
•The  edict  was  distilled  off.  The  residue  was  distilled  in  vacuo.  3.14  g  (32.87°)  of  the  dicthylaminocthyl  ester  of 
5-ketoqtiinuclidine-2-carboxylic  acid  was  obtained.  The  viscous,  oily  compound  was  readily  soluble  in  alcohols, 
acetone,  and  benzene,  less  soluble  in  water  and  petroleum  ether.  B.  p.  162-165*  (2.5  mtn),  n*°D  1.4830. 

Found‘7o:  C  62.61;  119.27;  N  10.47.  Cj4M2403N2.  Calculated ‘7°:  C  62.66;  H  9.02;  N  10.44. 

Methyl  Ester  of  5-llydroxyquinuclidinc-2-carhoxylic  acid  (VII).  1.41  g  of  the  methyl  ester  of  5-kctoqtiinucli- 
dinc-2-carlx)xylic  acid  was  dissolved  in  40  till  of  anliydrous  mcdianol  and  liydrogcnated  in  die  presence  of  0.1  g 
of  platinum  catalyst,  which  had  been  prepared  as  described  by  Adams  at  room  temperature  and  a  pressure  of 
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20-30  cm  of  water.  The  catalyst  was  filtered  off.  The  alcoholic  solution  was  evaporated  In  vacuo.  The  residue 
was  distilled  at  135*  (0.3  mm).  The  yield  of  die  methyl  ester  of  5-hydroxyqulnuclidine-2-carboxyllc  acid  was 
1.42  g  (lOC^o).  The  viscous  liquid  was  readily  soluble  in  chloroform  and  alcohols,  less  soluble  in  water,  dloxane, 
and  acetone,  and  insoluble  in  petroleum  etlicr,  benzene,  and  ether,  n^°D  1.5042. 

Found ‘7o:  €  58.55;  8.45;  N  7.60,  7.30.  C9H15O3N.  Calculated  €  58.35;  H  8.16;  N  7.56, 

The  hydrochloride  formed  very  hygroscopic  crystals,  m.  p.  132-134*.  The  compound  was  readily  soluble  In 
water  and  alcohols,  insoluble  in  ether,  acetone,  chloroform,  benzene,  toluene,  and  dloxane. 

Found ‘7o:  N  6.21;  €1' 15.76.  CsHijOsN  •  H€l.  Calculated  ®7o:  N  6.32;  €1*15.99. 

Mctltyl  Ester  of  5-AcetoxyquiniicIidine-2-carboxylic  Acid  (VIll).  0.2  g  of  the  hydrochloride  of  the  methyl 
ester  of  5-liydroxyquinuclidiiic-2-carboxylic  acid  was  boiled  with  4  ml  of  acetic  anliydride  for  1  hour.  The  reaction 
mixture  was  neutralized  with  5(f/o  potassium  carbonate  solution  and  extracted  with  etlier.  The  ether  extract  was 
dried  with  potassium  carbonate  and  tJic  ether  was  distilled  off.  The  methyl  ester  of  5-acetoxyqulnuclidine-2- 
carboxylic  acid  was  distilled  in  vacuo  at  120*  (3  mm).  Yield  0.12  g  (bO.ffh).  The  colorless  liquid  was  readily 
soluble  in  alcohols,  acetone,  chloroform,  and  water,  less  soluble  in  ether,  benzene,  and  dioxane,  and  Insoluble  In 
petroleum  ether. 

Found ‘7o;  €  57.70;  H  7.57;  N  6.04,  6.06.  CnHnO^N.  Calculated ‘7o:  €58.13;  H  7.54;  N  6.16. 

SUMMARY 

A  mctliod  has  been  developed  for  ilie  synthesis  of  5-substltuted  qulnuclldlne-2-carboxylic  acids,  starting 
witli  2,4-lutIdinc  and  proceeding  through  the  2,4-disubstituted  pyridines  and  piperidines. 
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In  a  previous  communication  [1]  we  have  shown  that  In  the  Hofmann  cleavage  of  the  unsymmetrical  bi- 
cyclic  compound  l-azabIcyclo-(3,2,l)-octane  botli  pyrrolidine  and  piperidine  derivatives  are  formed,  and  the  ratio 
of  tlie  cleavage  products  depends  on  the  reaction  conditions. 

It  was  Interesting  to  ascertain  the  effect  of  alkyl  groups  present  in  different  positions  In  the  1-azabicyclo- 
(3,2,l)-octane  on  the  course  of  the  Hofmann  cleavage  reaction.  In  particular,  in  tliis  communication  we  describe 
die  cleavage  of  the  quaternary  base  7- methyl- l-azabicyclo-(3,2,l)-octane. 


The  7-methyl-l-azabicyclo-(3,2,l)-octane  methiodide  necessary  for  tlie  Investigation  was  synthesized  from 
l-metliyl-3-allylpIpcridinc  (VIII),  which  in  turn  was  prepared  by  thermal  cleavage  of  the  quaternary  base  1-azabi- 
cyclo-(3, 3,1)- nonane  (VII).  The  total  syntliesis  of  (VIII)  and  its  conversion  to  (X)  can  be  represented  by  the  follow¬ 
ing  diagram. 
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Infrared  spectra.  (VI)  Quaternary  salt  of  1-azabicyclo- 

(3.3.1) -nonane;  (X)  and  (Xa)  7-nietliyl-l-azabicycIo- 

(3.2.1) -octane  methiodide. 


The  quaternary  salt  (II),  wlilch  was  formed  by  tlie  reaction  of  ethyl  nicotinate  (I)  with  ethyl  S-bromopro- 
pionaie,  was  reduced  in  the  presence  of  Adams  platinum  catalyst  to  l-carbociJioxycthyl-3-carboethoxypipcridine 

(III) .  Intramolecular  condensation  of  the  dicster  (III)  for  the  purpose  of  obtaining  l-azabicyclo-(3,3,l)-nonane-6 

(IV)  was  carried  out  in  toluene  solution  with  the  aid  of  potassium  alcoholaic  instead  of  metallic  potassium,  as 
indicated  in  tlie  literature  [2],  thus  making  it  possible  to  increase  the  yield  of  the  ketone  (IV)  from  23  to 
When  compound  (IV)  was  reduced  by  the  Kizhner  metliod,  we  obtained  l-azabicyclo-(3,3,l)-nonane  (V),  which 
was  converted  by  the  action  of  methyl  iodide  to  the  quaternary  salt  (VI),  and  then,  with  the  aid  of  silver  oxide, 
to  the  corresponding  quaternary  base  (VII).  Hofmann  cleavage  of  compound  (VII)  was  accomplished  by  heating 
tills  compound  at  atmospheric  pressure.  The  3-allylpiperidine  (VIII)  that  was  formed  was  converted  by  heating 
witli  hydriodic  acid  to  the  hydriodide  of  l-methyl-3-(6 -iodopropyl)piperidine  (IX).  The  free  base  (IX)  cycllzed 
on  standing  in  ether  solution  to  form  the  methiodide  (X),  which  was  converted  with  the  aid  of  silver  oxide  to  the 
quaternary  base  (XI). 


The  synthesis  of  the  nxjtltiodide  of  7-methyl-l-azabicyclo-(3,2,.l)-octane  (X)  according  to  the  scheme  shown 
is  based  on  the  fact  tliat  hydrogen  iodide  adds  to  l-mctliyl-3-allylpipcridine  according  to  the  Markovnikov  rule 
to  form  l-mcthyl-3-(6 -iodopropyl)pipcridinc  (IX),  the  cyclization  of  wliich  leads  to  compound  (X). 

If  not  (IX),  but  l-mcthyl-3-(>  -iodopropyl)pipcridine  were  formed  when  hydrogen  iodide  added  to  1-meihyl- 
3-allylpiperidine ,  tlien  tlie  cyclization  of  tlie  iodo  derivative  would  lead  to  tlie  starting  methiodide  of  1-azabl- 
cyclo-(3,3,lVnonane  (VI).  Compound  (X)  differed  from  (VI)  botli  in  its  infrared  speetjum  and  in  otlier  properties 
(hygroscopicity  and  ready  solubility  in  alcohol).  A  mixed  sample  gave  no  distinct  depression  in  melting  point, 
since  the  compound  melts  with  decomposition  above  320*.  For  final  proof  of  the  structure  of  the  product  (X) 
we  prepared  tlie  methiodide  of  7-methyl-l-azabicyclo-(3,2,l)-octanc  by  another  route. 
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Compound  (VIII)  was  oxidized  with  potassium  permanganate  in  acid  solution  to  l-methylpiperidyl-3-aeetIc 
acid  (XII),  which,  like  pyridyl-3*acctic  acid [4], on  reaction  with  acetic  anliydride  in  die  presence  of  anhydrous 
sodium  acetate  was  converted  to  l-methyl-3-acetoncpiperidine  (XIII).  The  latter  was  reduced  with  die  aid  of 
sodium  boroliydride  to  l-mediyl-3-(6-hydroxypropyl)pipcridinc  (XIV).  Wlien  the  carbinol  (XIV)  was  heated  with 
64*70  hydrobromic  acid  in  a  sealed  tube,  the  hydrobromidc  of  l-methyl-3-(6 -bromopropyl)piperidine  (XV)  was 
formed,  the  free  base  of  which  cyclizes  to  the  mctliobromide  of  7-mcthyl-azabicyclo-(3,2,l)-octanc  (XVI).  The 
latter  was  converted  with  the  aid  of  silver  oxide  to  die  quaternary  base,  which  upon  heating  widi  hydriodic  acid 
gave  the  methiodide  of  7-metliyl-l -azabicyclo(3,2,l)-octane  (Xa),  identical  in  infrared  spectrum  and  other  pro¬ 
perties  with  (X)  synthesized  by  the  first  route. 

It  is  theoretically  possible  to  form  four  compounds  by  the  Hofmann  cleavage  of  (XI). 
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We  studied  the  cleavage  of  (XI)  under  various  conditions;  by  heating  in  a  vacuum,  at  atmospheric  pressure, 
and  under  pressure  in  a  scaled  tube,  and  also  by  heating  (X)  in  the  presence  of  4(f/o  potassium  hydroxide  solution 
at  atmospheric  pressure.  Under  all  of  these  conditions  only  one  compound  was  formed  in  60-837«  yield.  This 
compound  contained  a  double  bond  and  appeared  to  be  l-metliyl-3-allylpipcridine.  The  structure  of  tli is  compound 
was  demonstrated  by  analysis  and  by  comparison  with  die  properties  of  l-methyl-3-allylpipcridine  (VIII)  obtained 
frem  l-azabicyclo-(3,3,l)-nonane  (VII).  The  picrates  and  methiodides  of  these  compounds  gave  no  depression  in 
melting  point  when  mixed.  The  liydrochloridc  of  l-mctliylpiperidyl-3-acetic  acid  and  die  picratc  of  its  ethyl 
ester  prepared  by  oxidation  of  (VIII)  and  tlic  corresponding  derivatives  of  the  product  of  die  Hofmann  cleavage  of 
7-mediyl-l-azabicyclo-(3,2,l)-octanc  proved  to  be  identical  also. 

Consequently,  the  cleavage  of  (XI)  proceeds  in  a  well  defined  way,  with  the  formation  of  l-mcthyl-3- 
allylpiperidine  (A). 


EXPERIMENTAL 

l-Carboetlioxycdiyl-3-catbocdioxypipcridinc  (III).  A  solution  of  76.4  g  of  ethyl  nicotinate  and  92  g  of 
ethyl  6-bromopropionatc  in  35  ml  of  anliydrous  alcohol  was  refluxed  for  5  hours  and  dicn  kept  for  16  hours  at  room 
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temperature.  Then  tJie  thick,  caramcl-like  mass  was  dissolved  in  600  ml  of  anliydrous  alcohol  and  subjected  to 
catalytic  reduction  in  the  presence  of  0.8  g  of  Adams  platinic  oxide.  After  die  necessary  amount  of  hydrogen  had 
been  absorbed  (3  moles),  tlic  platinum  black  was  filtered  off,  die  filtrate  was  evaporated  in  vacuo,  and  die  residue 
was  treated  witli  excess  60^/o  potassium  carbonate  solution,  while  being  cooled,  and  was  extracted  widi  ether.  The 
exuact  was  dried  with  potassium  carbonate,  the  cdier  was  removed  in  vacuo,  and  the  residue  was  distilled.  90  g 
(7l7o)  of  l-carbocdioxyediyl-3-carbocthoxypiperidine  was  obtained  as  a  colorless  oil.  B.  p.  123-125*  (0.3  mm), 
n”D  1.4581.* 

Found‘7o:  C  60.81;  H  9.35;  N  5.50.  Ci3H2304N.  Calculated  i/o:  C  60.7;  H  8.95;  N  5.45. 

l-Azabicyclo-(3,3,l)-nonanone-6  (IV).  To  a  suspension  of  24  g  of  metallic  potassium  in  150  ml  of  an¬ 
hydrous  toluene  was  added  gradually,  with  stirring,  a  solution  of  36  ml  of  anhydrous  alcohol  in  35  ml  of  anliydrous 
toluene.  The  reaction  mixture  was  heated  to  boiling  for  2  hours.  To  die  potassium  alcoholate  formed  was  added 
over  the  cotirsc  of  1  hour  a  solution  of  60  g  of  l-carbocdioxyediyl-3-carboethoxypiperidine  in  150  ml  of  anhydrous 
toluene,  wliile  tlic  mixture  was  kept  uniformly  boiling.  After  addition  of  die  diestcr,  the  reaction  mixture  was 
heated  at  boiling  for  5  hours.  Then  300  ml  of  concentrated  hydrochloric  acid  was  added  carefully,  widi  cooling 
and  stirring,  and  die  toluene  layer  was  separated  off  and  waslicd  with  300  ml  of  concentrated  hydrochloric  add. 

The  combined  hydrochloric  acid  solution  was  boiled  for  15  hours,  decolorized  with  activated  carbon,  and  evaporated 
on  a  steam  bath.  The  residue  was  treated,  while  it  was  cooled,  with  an  excess  of  potassium  hydroxide  solution. 
The  potassium  chloride  was  filtered  off  and  washed  with  a  small  amount  of  ice  water  and  with  etlter,  and  the 
motlicr  liquor  was  careftilly  extracted  witli  ether.  The  ether  solution  was  dried  with  potassium  carbonate  and  the 
ether  was  distilled  off  in  vacuo.  15.5  g  (487o)  of  l-azabicyclo-(3,3,l)-notianonc-6  was  obtained  as  hygroscopic 
crystals  in  tlic  form  of  white  needles.  M.  p.  95-9G*?*The  compound  was  purified  by  sublimation  In  vacuo  (15 
mm)  at  95-100*. 

Found  *70;  C  68.66;  119.13;  N  9.66.  CgHi30N.  Calculated  *70:  C  69.06;  H  9.35;  N  10.07. 

The  picratc  formed  yellow  crystals.  M.  p.  225-226*  •••  (from  a  mixture  of  alcohol  and  acetone  1  r  1). 

Found'7o:  C  45.96;  114.34;  N  15.06.  C14HJ6O8N4.  Calculated*^;  C  4-5.65;  H  4.35;  N  15.22. 

l-Azabicyclo-(3,3,l)-iionane  (V).  15  g  of  l-azablcyclo-(3,3,l)-nonanone-6,  23  g  of  chemically  pure 
potassium  hydroxide,  23  ml  of  hydrazine  hydrate,  and  150  ml  of  anhydrous  glycerol  were  slowly  (because  of  pos¬ 
sible  foaming)  heated  to  165-170*  (in  a  bath)  and  held  at  this  temperature  for  5  hours.  Then  the  1-azabIcycIo- 
(3,3,l)-noiianc  was  distilled  off  from  tlic  reaction  mixture  while  die  temperature  in  the  bath  was  raised  gradually 
to  250*.  The  distillate  was  extracted  with  ether,  the  extract  was  dried  with  potassium  carbonate,  and  the  ether 
was  removed.  The  compound  was  distilled  in  vacuo  (18  mm)  at  100-105*.  11  g  (807o)  of  l-azabicyclo-(3,3,l)- 
nonanc  was  obtained  in  the  fortn  of  white,  hygroscopic  needles  with  a  sharp  amine  odor,  readily  soluble  in  organic 
solvents,  M.  p.  84-86*. 

The  picrate  formed  yellow  crystals,  readily  soluble  in  water,  poorly  soluble  in  acetone  and  alcoliol,  and  In¬ 
soluble  in  cdicr.  M.  p.  268-270*  (from  alcohol). 

Found  *70:  C  47.84;  H  5.08;  N  15.63.  Ci4nj80,N4.  Calculated  *70;  C  47.50;  H  5.08;  N  15.82. 

The  methiodide  formed  white  needles,  readily  soluble  in  water,  poorly  soluble  in  acetone  and  alcohol, 
insoluble  in  ether.  M.  p.  324-325*  (from  alcoliol)  (dccomp.). 

Found  *70:  1  46.95;  N  4.86.  CjlligNI.  Calculated '7o:  1  47.55;  N  5.25. 

l-Mcthyl-3-allylpipcridinc  (VIII).  A  solution  of  10  g  of  tlie  methiodide  of  l-azabicyclo-(3,3,l)-nonane 
in  30  ml  of  distilled  water  was  shaken  for  5  hours  with  moist  silver  oxide  prepared  from  15  g  of  silver  niurate. 

The  silver  iodide  and  the  excess  silver  oxide  were  filtered  off,  washed  well  with  distilled  water,  and  tlic  com¬ 
bined  filtrate  was  evaporated  in  vacuo.  The  remaining  oil,  which  was  die  quaternary  base  l-azabicyclo-(3,3,l)- 
nonanc,  was  transferred  to  a  Wurtz  flask  and  gradually  heated  to  200*  (in  a  bath).  At  a  temperature  of  130*  (in 
die  bath)  the  reaction  mixture  began  to  foam  and  distillation  started.  A  fraction  boiling  within  the  limits  100-170* 

•In  the  literature  a  boiling  point  of  100-104*  (0.1  mm)  is  given,  and  u*^D  1.4583. 

••According  to  literature  data  [2]  m.  p.  95-96*. 

•••According  to  literature  data  [2]  m.  p.  225-226*. 
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was  collected.  The  distillate  was  extracted  witJi  eilicr,  the  extract  was  dried  with  potassium  carbonate,  and  after 
tire  cilicr  had  Ixtcn  distilled  off,  the  residue  was  distilled.  4  g  (TTYo)  of  l-inetliyl-3-allylpiperidine  was  obtained 
as  a  colorless,  mobile  oil  witli  a  sharp  amine  odor,  readily  soluble  in  organic  solvents,  but  poorly  soluble  in  water, 

B.  p.  1G8-170*,  n*“D  1.4540. 

Foutrd'7o:  N  9.88.  C9II17N.  Calculated  *70:  N  10.07. 

The  picrate  formed  yellow  crystals  in  the  form  of  thin,  short  needles,  with  m.  p.  98-100“  (from  alcohol). 

round'7or  C  49.08;  115.28;  N  14.98.  C15II20O7N4.  Calculated  “Tj:  C  48.95;  H  5.44;  N  15.21. 

The  methiodide  formed  wliite  needles  witli  m.  p.  152-15.7“  (from  acetone). 

round '7o:  1  45.29;  N  5.04.  CJ0H20NI.  Calculated ‘7o:  145.2;  N  4.98. 

7-Mcihyl-l  -a2abicyclo-(3,2.1)-octanc  (X).  A  solution  of  5  g  of  l-metliyl-3-allylpipcridine  in  50  ml  of 
hydriodic  acid  (d  1.78)  was  heated  for  3  hours  on  a  boiling  water  baili.  The  reaction  mixture  was  concentrated 
In  vacuo  and  the  residue  crystallized  wlien  triiurated  witli  acetone  and  ether.  The  crystals  were  filtered  off  and 
waslicd  with  eilicr.  13.5  g  (OfT/")  of  tlic hydriodide  of  l-methyl-3-(6-iodopropyl)-pipcridinc(lX)wasobtained 
in  the  form  of  a  light  yellow,  hygroscopic  material  that  quickly  darkened  in  the  air.  13.5  g  of  the  hydriodide 
was  mixed  with  10  ml  of  water  and  50  ml  of  etlier,  made  alkaline  with  an  excess  of  50%  potassium  carbonate  so¬ 
lution,  and  quickly  cxtractedwith  ether.  The  ether  extract  was  shaken  with  anhydrous  potassium  carbonate,  filtered, 
and  allowed  to  stand  for  20  liours.  Tlie  quaternary  salt  tliat  had  precipitated  was  filtered  off,  washed  well  with 
ether,  and  dried  in  a  vactium  desiccator.  6.7  g  (69.77o)  of  tlte  tjtethiodide  of  7- methyl- l-azabicyclo-(3, 2,1)- 
octaiie  was  obtained  in  tlie  form  of  a  wliite,  hygroscopic  material  that  lumped  easily  and  was  readily  soluble  in 
water  and  alcohol,  less  soluble  in  acetone,  and  insoluble  in  etlter.  M.  p.  320“  (decomp.). 

Found  %:  I  47.17;  N  5.04.  CgMjRNI.  Calculated  %:  1  47.56;  N  5.24. 

Ethyl  Ester  of  l-Mcthyl[)iperidyl-3-acctic  Acid.  To  a  solution  of  3.75  g  of  l-methyl-3-allylpfpcridine 
In  50  ml  of  water  and  60  ml  of  lO'/'o  sulfuric  acid  was  added,  with  stirring,  over  a  period  of  3  hours,  a  solution  of 
13.5  g  of  potassium  permanganate  in  324  ml  of  distilled  water,  while  the  temperature  of  the  reaction  mixture  was 
maintained  not  Iiiglier  titan  4“.-  After  tlie  oxidizing  agent  liad  been  added,  the  reaction  mixture  was  stirred  for 
2  hours  at  the  same  temperattirc.  Then  the  manganese  dioxide  was  filtered  off  and  carefully  washed  with  hot 
water.  The  combined  filtrate  was  evaporated  in  vacuo.  The  residue,  which  contained  a  mixture  of  the  sulfate 
of  l-metliylpiperidyl-3-aceiic  acid  and  inorganic  salts,  was  dried  in  a  vacuum  desiccator  over  sulfuric  acid.  The 
sulfate  of  the  acid  was  extracted  with  anhydrotis  alcohol,  the  alcoliol  was  distilled  off,  and  tlie  remaining  caramel- 
like  mass  was  heated  witlt  10  times  its  amount  of  f/o  alcoliolic  solution  of  hydrogen  cliloride  for  3  hours.  The 
alcoliol  was  distilled  off  in  vacuo,  and  the  residue  was  treated  with  an  excess  of  50"/i)  potassium  carbonate  solution 
and  extracted  witli  ether.  After  die  extract  had  been  dried  witli  potassium  carbonate  and  the  ether  had  been  dis¬ 
tilled  off,  the  material  was  distilled  in  vaeuo.  3.6  g  (727o)  of  tlie  ethyl  ester  of  l-mctfiylpiperidyl-3-acetic  acid 
was  obtained  in  tlie  form  of  a  mobile,  colorless  liquid.  B.  p.  115-116*  (15  mm),  n*®D  1.4540. 

The  picrate  formed  yellow  crystals  with  m.  p.  107-108“  (from  alcohol). 

Found  %:  C  46.53;  H  5.48;  N  13.72.  Ci6H2209N4.  Calculated  %;  C  46.37;  H  5.31;  N  13.52. 

Hydrochloride  of  l-Mcthylpipcridyl-3-acetic  Acid  (XII).  A  solution  of  3.6  g  of  the  ethyl  ester  of  1-methyl- 
pfpcridyl-3-acctic  acid  in  40  ml  of  diltite  hydrochloric  acid  (1  :  1)  was  boiled  for  4  hours.  The  hydrochloric  acid 
solution  was  decolorized  witli  activated  carbon  and  evaporated  in  vacuo.  The  caramel-like  residue  crystallized 
when  it  was  triturated  with  acetone.  The  crystals  were  filtered  off,  washed  with  acetone,  and  dried.  3.35  g  (9C%) 
of  tlie  hydrochloride  of  l-mcthylpipcridyl-3-acetic  acid  was  obtained  in  tlie  form  of  a  white,  crystalline  powder, 
which  was  readily  soluble  in  water  and  alcohol,  and  insoluble  in  acetone  and  etlier.  M.  p.  188-190“  (from  a  mix¬ 
ture  of  alcohol  and  acetone  1  ;  2). 

Found®/®:  N  7.08;  Cl  18.31.  C7ll,402NCl.  Calculated %:  N  7.23;  Cl  18.34. 

1- Methyl- 3- acetonepiperidtne  (XIII).  A  mixture  of  2.6  g  of  the  hydrochloride  of  l-methylpipcridyl-3- 
acetic  acid,  1.8  g  of  anhydrous  sodium  acetate,  and  3.1  g  of  acetic  anhydride  was  heated  at  boiling  for  19  hours. 
The  reaction  mixture  was  diluted  witli  twice  its  volume  of  water,  decolorized  widi  activated  carbon,  and  the  so¬ 
lution  was  evaporated  in  vacuo.  The  residue  was  treated  with  an  excess  of  15%  sodium  carbonate  solution  and  the 
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oil  iliai  separated  was  extracted  witli  etlier.  The  etlier  extract  was  dried  with  potassium  carbonate,  the  ether  was 
distilled  off  in  vacuo,  and  tlie  residue  was  distilled.  0.7  g  {23.3lo)  of  l-meihyl-3-acetonepiperidine  was  obtained 
in  the  form  of  a  colorless  oil.  B.  p.  95-97*  (12  mm),  n**D  1.4632. 

Found‘7o:  N  8.93.  CjlI^ON.  Calculated ‘7o:  N  9.02. 

l-Mciliyl*3-(3 -hydroxypropyl)pipcridine  (XIV).  To  a  suspension  of  0.55  g  of  sodium  borohydride  In  5  ml 
of  metiianol  was  added  gradually,  witli  stirring,  a  solution  of  2  g  of  l-metliyl-3-acetonepiperidine  in  5  ml  of 
metlianol.  The  reaction  was  exoUiermic.  The  reaction  mass  was  kept  at  room  tetnperature  for  15  hours,  after 
which  it  was  decomposed  with  water  (1.1  ml),  stirred  for  30  minutes,  and  the  methyl  alcohol  was  distilled  off  In 
vacuo.  The  glassy  residue  was  made  alkaline  with  excess  SCF/o  potassium  carbonate  solution  and  extracted  with 
ether.  The  ether  extract  was  dried  with  potassium  carbonate,  die  ether  was  removed  in  vacuo,  and  die  residue 
was  distilled.  1.8  g  (89yo)  of  l-methyl-3-(6 -hydroxypropyl)-piperidinc  was  obtained  in  the  form  of  a  colorless  ^ 
oil  with  b.  p.  112-114*  (7  mm),  n*®D  1.4738. 

Found ‘7o:  N  8.68;  OH  11.04.  CglliaON.  Calculated  N  8.91;  OH  10.73. 

The  methiodide  formed  white  crystals  in  the  form  of  needles  with  m.  p.  128-130*  (from  alcohol). 

Found ‘7o:  1  42.76;  N  4.71.  CioHjzONI.  Calculated 1  42.80;  N  4.36. 

Methiodide  of  7-Mcdiyl-l-azabicyclo-(3,2,l)-octane.  A  solution  of  1.5  g  of  l-methyl-3-(B-hydroxy- 
propyl)pipcridine  in  25  ml  of  6  J’/o  hydrobromic  acid  was  heated  at  100-110*  in  a  sealed  tube  for  7  hours.  The  ex¬ 
cess  hydrobromic  acid  was  distilled  off  in  vacuo.  The  residue  was  dissolved  in  water,  50  ml  of  edier  was  added, 
and  the  mixture  was  made  alkaline  witli  bOlo  potassium  carbonate  solution,  witli  cooling.  The  ether  layer  was 
separated  off,  and  the  aqueous  layer  was  extracted  with  ether.  The  ether  was  distilled  off  in  vacuo,  and  the  re¬ 
sidue  was  dried  by  adding  anhydrous  benzene  and  distilling  it  off.  The  methobromide  precipitated  as  an  amor¬ 
phous,  liygroscopic  mass.  The  methobrotnide  of  7-mctliyl-l-azabicyclo-(3,2,l)-octane  (1  g)  that  was  obtained 
was  dissolved  in  10  ml  of  water  and  sliaken  with  silver  oxide  prepared  from  5  g  of  silver  nitrate.  The  silver  bro¬ 
mide  and  the  excess  silver  oxide  were  filtered  off,  and  the  aqueous  motlicr  liquor  was  acidified  with  hydriodlc 
acid  until  there  was  an  acid  reaction  toCongo  and  was  evaporated  in  vacuo.  The  residue,  which  was  dried  by 
adding  aiiliydrous  benzene  and  distilling  it  off,  was  stirred  with  acetone,  and  tlie  crystalline  material  was  filtered 
off  and  washed  witli  dry  acetone.  0.5  g  of  tlie  metliiodide  of  7-meiliyl-l-azabicyclo-(3,2,l)-octane  was  obtained 
as  a  white,  hygroscopic  material  that  became  lumpy  when  it  was  ground,  was  readily  soluble  in  water  and  alcoliol, 
less  soluble  in  acetone,  and  insoluble  in  ether.  M.  p.  320*  (decomp.). 

Found  7o:  147.81.  CoHi^NI.  Calculated  T*:  1  47.56. 

Hofinaiin  Cleavage  of  7- tiicthyl-l-azabicyclo-(3,2,l)-octane.  a)  (Heating  of  the  quaternary  base  (XI)  at 
atmospheric  pressure).  A  solution  of  20  g  of  the  methiodide  of  7-methyl-l-azabicyclo-(3,2,l)-octanc  in  50  ml 
of  distilled  water  was  shaken  for  5  hours  with  moist  silver  oxide  prepared  from  10  g  of  silver  nitrate.  The  silver 
iodide  and  ilic  excess  silver  oxide  were  filtered  off  and  washed  well  with  distilled  water,  and  the  combined 
filtrate  was  evaporated  in  vacuo.  The  remaining  oil,  which  was  the  quaternary  base  (XI),  was  transferred  to  a 
Wurtz  flask  and  heated  at  atmospheric  pressure  to  200*  (in  a  bath).  At  140*  (bath  temperature)  die  reaction  mass 
boiled  up  violently  and  distillation  of  the  decomposition  products  started.  The  distillate,  which  consisted  of  water 
and  oil  layers,  was  extracted  with  ether,  the  ether  extract  was  dried  with  potassium  carbonate,  the  ether  was  dis¬ 
tilled  off,  and  the  residue  was  distilled  in  vacuo.  4.1  g  (80’/'’)  of  a  colorless,  mobile  liquid  with  a  sharp  amine 
odor  was  oinained,  which  was  readily  soluble  in  organic  solvents  and  poorly  soluble  in  water.  The  compound  had 
a  double  bond  and  according  to  the  analytical  data  it  corresponded  to  the  composition  C9H17N.  M.  p.  168-170*', 
n‘'°’®U  1.4510.  Tlie  compound  tliat  was  obtained  proved  to  be  l-methyl-3-allylpiperidine  (VIII);  its  picrate  and 
metliiodide  gave  no  depression  in  melting  point  when  mixed  witli  the  corresponding  derivatives  of  l-metliyl-3- 
allylpiperidine  prepared  by  cleavage  of  l-azabicyclo-(3,3,l)-nonane. 

Found  7o:  C  77.59;  H  12.03;  N  10.30.  CgH^N.  Calculated  C  77.70;  H  12.23;  N  10.07. 

The  picrate  formed  yellow  crystals  with  m.  p.  98-100*  (from  alcohol). 

Found7o:  C  48.79;  H  5.4G;  CisH^oO/N^.  Calculated  7o:  C  48.95;  H  5.44. 

The  metliiodide  formed  white  needles  with  m.  p.  152-153*  (from  acetone). 
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b)  (Distillation  of  quaternary  base  (XI)  in  vacuo).  The  quaternary  base  obtained  v/Ith  tlic  aid  of  silver 
oxide  from  0.5  g  of  tlic  inctlilodide  of  7-methyl-l-azabIcyclo-(3,2,l)-octane  was  lieated  in  vacuo  (50-55  mm). 

At  100*  (bath  temperature)  tlic  quaternary  base  started  to  break  down.  The  decomposition  products  were  distilled 
off  witliln  tlic  limits  50-65*.  The  distillate  was  extracted  with  ether,  die  ether  extract  was  dried  with  potassium 
carbonate,  die  ether  was  distilled  off,  and  the  residue  was  distilled.  3.1  g  (G07o)  of  l-mediyl-3-allylplperldIne 
was  obtained.  B.  p.  168-170*,  n*®'®D  1.4540. 

The  picratc  formed  yellow  crystals  with  m.  p.  98-100*  (from  alcoliol). 

The  niedilodlde  formed  colorless  needles,  m.  p.  152-153*  (from  acetone). 

c)  (Cleavage  of  quaternary  base  (XI)  in  the  presence  of  alkali),  5  g  of  the  methlodide  of  7-methyl-l- 

azabIcyclo-(3,2,l)-octanc  In  50  ml  of  4Cr/o  potassium  hydroxide  was  heated  to  boiling  for  2  hours.  The  oil  diat 
separated  was  distilled  off,  with  die  temperature  of  die  badi  raised  to  220*  for  the  process.  The  distillate  was  ex¬ 
tracted  with  cdicr,  the  ether  extract  was  dried  with  potassium  carbonate,  die  ether  was  distilled  off,  and  then  the 
residue  was  distilled.  2.2  g  (84.5^o)  of  1 -mcthyl-3-allylpipcridinc  was  obtained.  B.  p.  168-170*,  1.4540. 

The  picrate  formed  yellow  crystals  with  m.  p.  98-100*  (from  alcohol). 

The  medilodide  formed  colorless  needles  with  m.  p.  152-153*  (from  acetone). 

d)  (Cleavage  of  quaternary  base  (XI)  by  heating  in  water  under  pressure).  A  solution  of  the  quaternary  base, 
obtained  by  the  method  described  above  front  6  g  of  7-methyl-l-azablcyclo-(3,2,l)-octane,  In  8  ml  of  distilled 
water  was  heated  for  6  hours  in  a  sealed  tube  at  200*.  The  oil  that  separated  was  extracted  with  edier,  die  extract 
was  dried  with  potassium  carbonate,  die  ether  was  distilled  off,  and  dien  die  residue  was  distilled.  2  g  (G-f/o)  of 
l-metliyl-3-allylpIpcrIdine  was  obtained.  B.  p.  168-170*,  n*°'^D  1.4540. 

The  picratc  formed  yellow  crystals  witli  m.  p.  98-100*  (from  alcohol). 

The  mediiodide  formed  white  needles  with  m.  p.  152-153*  (from  acetone). 

Found '7o:  1  45.02;  N  4.93.  CjoHjoNI.  Calculated  *70:  145.2;  N  4.98. 

SU  MMARY 

It  has  been  established  that  Hofmann  cleavage  of  7-medtyl-l-azabicyclo-(3,2,l)-octane  proceeds,  in  con¬ 
trast  to  die  unsubstituted  l-azabicyclo-(3,2,l)-octanc,  in  only  one  direction,  independent  of  die  experimental 
conditions.  The  sole  product  of  the  reaction  is  l-mediyl-3-allylpipcridine. 
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In  the  course  of  an  investigation  of  tlie  composition  of  the  products  of  thermal  breakdown  of  Caspian  shales 
In  our  laboratory,  the  necessity  arose  for  separation  of  thiophene  homologs  from  accompanying  aromatic  hydrocar¬ 
bons.  This  was  effected  by  acylation  [1].  As  G.  L.  Gol'dfarb  and  one  of  us  have  shown  [2],  by  using  stannic 
chloride  as  a  catalyst  for  tliis  reaction  It  is  possible  to  isolate  thiophene  in  die  form  of  die  kctonic  derivative 
from  its  mixture  with  benzene;  at  the  normal  temperature  the  latter  does  not  react  with  acid  chlorides  in  presence 
of  SnCI|.* 

Similar  behavior  could  therefore  be  anticipated  for  homologs  of  benzene  in  admixture  with  homologs  of 
diiophctic.  We  diercfore  tindcrtook  a  study  of  the  acylation  of  aromatic  compounds  of  these  two  types  and  of 
mixtures  prepared  from  them.  It  was  desirable  to  include  in  the  investigation  derivatives  of  benzene  and  thiopliene 
containing  activating  (for  die  benzene  scries)  and  deactivating  (for  the  diiophene  scries)  functional  substituents  In 
order  to  establish  die  sequence  of  case  of  acylation  of  systems  containing  die  diiophene  and  the  benzene  ring. 

In  this  connection  it  should  be  noted  that  the  "activity"  series  reported  In  the  literature  [3]  as  characterizing 
the  susceptibility  to  electrophilic  substitution  of  certain  aromatic  systems  was  drawn  up  mainly  on  the  basis  of 
the  data  of  several  investigators.  Its  accuracy  is  diercfore  open  to  doubt.  Another  sequence  [4],  relating  to  ben¬ 
zene  derivatives  and  illustrating  die  influence  of  substituents  during  acylation,  cannot  be  unreservedly  accepted 
as  valid  for  die  reactivity  of  substituted  nonbenzenoid  aromatic  systems  or  of  disubstituted  benzenes,  since  In 
die  latter  a  part  is  played  not  only  by  the  substituent  but  by  its  position  in  the  ring. 

In  the  light  of  the  foregoing  observations,  the  main  consideration  for  an  experimental  study  of  our  problem 
was  the  ability  of  SnCl4  to  catalyze  die  acylation  only  of  fairly  reactive  systems  in  the  thiophene,  furan  and  similar 
systems.  Aluminum  chloride  is  one  of  the  most  active  catalysts  In  Friedcl-Crafts  reaction  [3,  5)  and  has  little 
value  for  our  present  purpose  since  It  catalyzes  the  ketonization  in  good  yield  of  even  chlorobenzene  and  dl- 
chlorobenzene  [6]-  systems  less  reactive  dian  unsubstituted  benzene. 

We  established  the  approximate  reactivity  in  this  respect  of  a  series  of  thiophene  and  benzene  derivatives 
by  acetylating  diem  under  identical  conditions  and  widi  identical  ratios  of  components  (Aril  :  CH3COCI  :  SnCIi  = 
1:1:  0.5)  with  the  help  of  acetyl  chloride  in  chlorobenzene  (the  latter  is  not  acylated  in  presence  of  stannic 
chloride  [4,  7]). 

We  see  from  the  results  set  forth  in  Table  1  that  under  our  selected  conditions  toluene  is  not  acetylated, 
and  only  in  the  absence  of  solvent  is  a  ketone  formed  in  a  yield  of  about  37o.  The  only  xylene  to  react  to  an 
appreciable  extent  in  chlorobenzene  is  die  1,3-isomer  [9].  As  had  been  expected,  the  introduction  of  a  methoxy 
group  Into  die  benzene  ring  increases  its  reactivity  to  such  an  extent  tliat  it  is  nearly  90'y<i  acetylated  even  when 

•  In  a  recent  publication  [3]  the  activity  of  SnCl4  as  a  benzoylation  catalyst  was  estimated  at  1/350  of  that  of 
AlCl,. 
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TABLE  1 


Acetylation  of  Individual  Compounds 


6 

Zi 

Yield  of 
ketone  (T^o) 

Boiling  point 
(pressure  in 
mm) 

cS 

4> 

t/> 

Starting  substance 

Reaction  product 

distil¬ 

lation 

oxima 

tion 

1 

2 

a 

4 

5 

6 

1 

Anisole 

4 -Methoxy  acetophenone 

81 

135-138  (12) 

2 

1 ,3-Diincthoxybcnzenc 

2,4-Dimctlioxyaceto- 

phenone 

Starting  substance 

89.5 

91 

293—297 

3 

Toluene 

_ 

_ 

4 

Toluene* 

Methylacetopl'.cnone 

— 

3.3 

— 

5 

m-Bromoanisole 

Starling  substance 

— 

— 

— 

6 

p-Bromoanisole 

Starting  substance 

— 

— 

— 

7 

0- Xylene 

Dimcihylacciophenone 

— 

0.2 

— 

8 

p-Xylcne 

Dimctliylacetophenonc 

— 

0.3 

132—134  (13) 

9 

m- Xylene 

2,4-DimetliylacetophcnonL;  11 

11 

10 

m- Xylene  •• 

2,4-Dimcihylacciophcnon 

e  76 

— 

225-226.5 

11 

Naphthalene 

Slatting  substance 

— 

— 

— 

12 

Thiopliene 

2-Acetothicnone 

96 

— 

89-90  (10) 

13 

Thiophene 

2-Acetotlucnone 

25 

26 

212-214 

(C4H4S  -.CllaCOCl :  SnCl4  = 
1  :  1.2  :  0.1) 

14 

2-Mcthyl  thiopliene 

5-Mcthyl-2-acetot]iienon 

89 

91 

97.5-98  (8) 

15 

2- Methyl  tliiophene* 

5-McrJiyl-2-acctothienone 

90 

91 

112-113  (15) 

16 

2,5-Dimcthyltiiiophcne 

2,5-Dimctliyl'3-accio- 

thicnone 

92 

93 

125-126  (28) 

17 

5-Chloro-2-  methyltliio- 

5-Chloro-2-methyl-(3?)- 

55 

— 

85— 86(6):m.p. 

phene*** 

acetothienone 

40.5-40.8® 

18 

Mcthyl-2-tliicnyl  sulfide 

5-Mctliylmcrcapto-2* 

acctotliicnone 

56 

— 

M.p.  51-52“ 

19 

2-Bromothiophene 

5-Bromo-2-acctoiluenone 

53 

58 

M.p. 

20 

2 ,5  -  Di  bromothi  ophene  *  *  * 

^itariing  stibstance 

— 

— 

21 

3,4 -Di  broinotliiophene*** 

3,'l-Dibromo-2-aceto- 

1.3 

— 

M.p.  82—82.5® 

ihietionc 

22 

2,3-Dibromothiophene*** 

l,5-Dibromo-2-accio- 

3.5 

— 

M.p.  82-83 

tliicnonc 

233-236* 

23 

2-Chlorothiophene 

5-Ch  loro  -  2  -  acetothienone 

53.5 

59 

24 

2-Nitrotliiophcne*** 

>tariing  substance 

— 

_ 

Note:  The  applicability  of  oximometry  [8]  in  our  conditions  was  verified  witli 
solutions  of  acetophenone  and  2-acetotliienone  in  chlorobenzene. 

The  medium  in  acetylation  experiments  was  chlorobenzene,  except  when 
starred  as  follows:  •  in  toluene,  ••  in  m-xylene,  in  benzene. 

2,4-Dimethylacctophenone  (No.  9)  was  identified  as  the  semicarbazone  widi 
m.  p.  186.5*. 

considerably  diluted.  On  tlie  other  hand,  the  introduction  into  anisolc  or  p-metliylanisole  of  a  nitro  group  com¬ 
pletely  inactivates  the  benzene  ring.  A  similar  effect  is  observed  when  a  bromine  atom  is  introduced  into  anisole 
In  tlie  meta-  or  para -position.  These  substituents  have  qualitatively  the  same  effect  in  the  thiophene  ring  but  tlie 
extent  of  tlieir  influence  is  different  from  tliat  in  benzene.  Unsubstituted  tliiophene  is  acetylated  nearly  quanti¬ 
tatively,  and  an  effect  of  alkyl  groups  on  this  bcliavior  is  not  detected  [subject  to  certain  qualifications  (sec  below)]. 
Halogenaiion  of  coune  results  in  inactivation;  even  so,  one  atom  of  halogen  docs  not  suffice  to  destroy  the  ring 
susceptibility  to  acylation  completely.  The  effect  of  two  bromine  atoms  in  the  ring  depends  on  their  position: 
2,5-dibromotliiophenc  is  not  acylatcd*  even  in  extremely  drastic  conditions,  whereas  2,3-  and  3,4-dibromo- 

•  We  can  therefore  fully  support  Gronovits's  assertion  [10]  tliat  Hartough  [11]  exaggerated  the  reactivity  of  this 
dibromo  compound. 
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tliiophcncs,  in  which  the  unsubstitmcd  a -positions  are  retained,  arc  still  capable  (although  to  a  very  minute  ex¬ 
tent)  of  being  acylatcd.  It  is  evident  from  a  coinpariron  of  data  for  acylation  of  3,4-  and  2,3-dfbromothio- 
phcncs  that  under  tlicse  conditions  the  two  bromine  atoms  actually  exert  a  deactivating  action  and  tliat  sterlc 
factors  do  not  play  an  important  part. 

It  is  interesting  to  note  that  altiminum  chloride  enables  introduction  in  good  yield  of  an  acyl  residue  Into 
tJie  tribromotJiiophene  ring  if  one  a -position  if  free  [12].  However  if  two  a -positions  are  substituted  by  bromine, 
only  very  slight  action  on  the  6 -positions  is  observed  to  the  accompaniment  of  predominant  replacement  of  the 
a -bromine  by  the  acyl  radical  [12,  13].  In  the  case  of  2,6-dichlorothiophene,  acylation  proceeds  "normally*  in 
presence  of  aluminum  cliloride-  with  formation  of  2,5-dichloro-3-acetothicnone  (yield  60-7(l7o)  [14],  This  again 
demonstrates  the  specific  diffictiltics  of  employment  of  aluminum  chloride  for  investigation  of  the  relative  activity 
of  stibstituents  in  acylation  reactions.  Vic  may  add  that  entry  of  one  niuo  group  into  die  thiophene  ring  completely 
Inactivates  it  with  respect  to  the  acylating  agent. 

Comparison  of  the"acylatability"of  systems  similar  in  activity  (such  as  tJiiophene  and  anisole)  necessitated 
application  of  a  method  enabling  quantitative  evaluation  witli  some  degree  of  accuracy.  The  most  popular 
kinetic  method  [15]  is  reliable  when  tlie  mechanism  of  tlic  process  is  fully  established;  btit  the  work  of  a  number 
of  investigators  [IG]  often  reveals  an  incomplete  kinetic  picture  of  1-ricdel-Crafts  acylations.  Examples  are  the 
change  of  velocity  constant  with  increasing  concentration  of  RCOCl  •  AICI3  complex  in  solution,  and  the  sharp 
drop  of  the  velocity  constant  of  benzoylation  of  benzxnc  in  nitrobenzene  witli  increasing  initial  AICI3  concentra¬ 
tion  [17].  Difficulties  arc  therefore  inevitable  in  the  interpretation  of  the  kinetic  data,  and  we  can  understand 
the  attempt  to  ascribe  a  special  dualism  to  tlie  mechanism  of  the  Fricdcl-Crafts  reaction  [18]. 

Another  means  of  attacking  our  problem  was  available  in  the  metltod  of  competing  (parallel)  reactions  for 
comparison  of  reactivity  [19].  This  consists  essentially  in  treating  a  mixture  of  the  two  substances  with  a  defi¬ 
ciency  of  tltc  same  reagent  (in  our  case  acetyl  chloride  in  presence  of  stannic  chloride)  and  determining  the  con¬ 
tent  of  each  of  the  newly  formed  products.  In  our  case  the  analysis  of  the  mixttirc  was  sometimes  simplified 
since  one  of  tlie  ketones  was  a  sulfur-containing  compound  and  its  content  could  be  calculated  by  elemental 
analysis:  the  acctiracy  of  the  analysis  was  poor  but  adequate  for  our  purpose.  The  nonreacting  portion  of  tlie 
starting  mixture  was  distilled  off  and  again  subjected  to  acetylation;  by  this  method  it  was  possible  in  some 
cases  to  draw  up  a  quantitative  balance  of  tlie  reaction.  See  Table  2  for  experimental  results. 

The  table  shows  that  thiophene  is  more  reactive  (under  tlie  specified  conditions)  than  anisole;  this  observa¬ 
tion  is  consistent  with  the  fact  that  itiiroduction  of  a  bromine  atom  inactivates  the  former  only  partly  (see  above). 
The  picture  cliangcs,  however,  if  one  more  hydrogen  atom  in  anisole  is  replaced  by  a  methoxy  grotip:  1,2-di- 
methoxy benzene  is  more  easily  acetylated  than  diiophene.  Furtlier  activation  of  the  thioi^tene  nucleus  can  be 
achieved  by  introducing  an  alkylmcrcapto  grotip  or  alkyl  radicals.  The  relatively  low  yield  of  ketone  when 
metliyl-2-thienyl  sulfide  is  acylated  is  probably  due  to  the  acidophobic  cliaracter  of  such  systems  [20]. 

The  data  for  acylation  of  thiophene  homologs  show  that  the  alkyl  group  in  the  a -position  activates  the 
thiophene  ring  and  that  die  tert  -butyl  group  is  evidently  more  active  in  this  respect  than  the  methyl  group. 
Generally  speaking  tliis  is  at  variance  wiih  many  observations  on  electrophilic  substitution  in  the  benzene  series 
wliich  indicate  that,  except  in  nitration,  the  rate  of  substittition  in  the  para-position  falls  witli  increasing  branch¬ 
ing  of  die  substituent  [21,  22].  For  this  reason  it  is  desirable  to  compare  die  behavior  of  2-methylduophenc  and 
2- tert  -biityltliiophene  by  more  accurate  methods. 

Special  interest  attaches  to  rcstilts  of  the  study  of  acylation  of  dialkylsubstitutcd  thiophenes.  The  a-posl- 
tionsof  the  tliiophenc  ring  are  well  known  to  be  very  much  more  reactive  than  the  6 -positions.  In  hydrogen  ex¬ 
change  (an  clectropliilic  substitution  process),  for  example,  the  a-position  of  thiophene  is  about  1000  times  as 
reactive  as  tlie  0 -position  [23].  It  could  tlierefore  be  expected  that  in  a  mixture  of  2,5-dialkylthiophcne  and  an 
unsubstituted  diiophene  the  latter  will  be  predominantly  acylatcd.  Experiment  showed,  however  (sec  Table  2), 
that  the  action  of  acetyl  cliloride  was  directed  mainly  toward  the  disubstituted  thiophene.*  The  data  of  this 
table  also  allow  us  in  a  certain  sense  to  equate  the  reactivity  of  2,5-dimcthyltJiiophcnc  with  that  of  2-mcthyl- 
diiophene  but  not  widi  that  of  2,5-dicthylduophene.  The  inductive  effect  of  the  alkyl  groups  here  probably  comes 

•The  possibility  of  intermolccular  acylation  of  2,5-dimcdiyldiiophcnc  at  die  expense  of  2-acctothlcnonc  was 
tested  in  a  special  experiment;  die  results  excluded  such  a  possibility  under  our  chosen  conditions. 
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Acetyladon  of  Two-Component  Mixtures 
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Composition  of  mixture  calculated  by  refractometry. 


D  -I-  Data  for  calculatioa  i  . 

Boiling  point  Yield  of  ketones 


Note:  The  medium  in  acetylation  experiments  was  chlorobenzene  except  in  no.  4  (toluene)  and  no.  6  (m-xylene). 


Into  play.  In  respect  of  increasing  order  of  inductive 
effect  the  groups  are  usually  arranged  as  follows: 

CH3<C2H5  <  iso-C3H7  <  lert  -C4H9.  The  discrepancy 
between  tins  sequence  and  certain  experimental  results 
has  lead  to  development  of  the  hyperconjugaiion  con¬ 
cept  [2*1],  but  the  literature  of  recent  years  contains 
pliysical  and  chemical  data  iliat  do  not  always  support 
tills  concept  [25],  The  value  of  the  hyperconjugation 
concept  has  tliercfore  been  questioned  by  some  investi¬ 
gators,  and  it  has  been  supplemented  in  some  cases  by 
a  number  of  other  ideas  including  die  bulk  effect  [26] 
and  stcric  hindrance  to  solvation  [27],  The  impression 
is  therefore  created  diat  the  dieory  of  die  electrical 
effect  of  alkyl  groups  in  its  modern  form  is  in  an  unsatis¬ 
factory  state  [28] 

On  die  basis  of  the  data  in  Tables  1  and  2  we  can 
present  the  following  sequence  of  activities  of  compounds 
in  relation  to  the  acctylating  action  of  acid  chlorides: 
l,3-dimedioxybenzcne>  2,5-dinxjdiylthiopliene,  2-methyl- 
tliiophene  >  ( ?)2,5-diethyltliiophene  >  thiopliene  >  ani- 
sole  >  2-bronioduoplicnc  >  m-xylene  >  o-  and  p-xy- 
lenes  >  toluene  >  benzene. 

Note  should  be  taken  of  the  practical  value  of  tills  sequence.  Thiophene  and  its  homologs  can  be  separated 
by  acylation  from  the  liydrocarbons  accompanying  them  in  shale  gasolines,  as  already  confirmed  experimentally 
in.  This  method  can  also  be  utilized  for enricliing  narrow  fractions  with  individual  tliiophene  homologs. 

EXPERIMENTAL 

Acylation  of  Individual  Compounds.  0.1  mole  of  the  compound  was  put  into  a  250  ml  four-necked  flask 
fitted  with  stirrer,  calcium  chloride  tube,  thermometer  and  dropping  funnel.  With  the  aid  of  a  special  graduated 
pipet  (with  tap)  120  ml  of  chlorobenzene  and  0.12  mole  of  acetyl  chloride  were  added.  The  mixture  was  cooled 
to  0*  with  stirring  and  in  the  course  of  1-1.5  hr  at  0-3*  0.06  mole  of  stannic  chloride  in  30  ml  chlorobenzene 
was  added  (tlie  chloride  was  added  from  a  specially  graduated  pipet  with  a  tap).  Strirring  was  continued  at  room 
temperature  for  another  hour.  The  resulting  complex  was  decomposed  with  hydrochloric  acid  (5  ml  of  concenurated 
acid  4  45  ml  of  water)  at  10- 15".  The  acid  layer  was  separated  and  extracted  witli  70  ml  of  chlorobenzene.  The 
chlorobenzene  layer  was  washed  with  water,  with  l^/o  sodium  hydroxide  solution  and  again  with  water  until  neutral 
to  plicnol  red.  The  wash  liquors  were  extracted  with  the  same  70  ml  of  ciilorobcnzcnc.  The  chlorobenzene  ex¬ 
tracts  were  combined,  dried  witli  calcium  chloride  and  poured  into  a  250  ml  measuring  cyclinder.  The  yield  of 
ketone  was  determined  in  two  ways  -  oximometrically  and  by  distillation  in  vacuo  or  at  atmospheric  pressure  in 
a  nitrogen  stream. 

Acylation  of  a  Mixture  of  Compounds  (Method  of  Concurrent  Reactions).  The  above  procedure  was  slightly 
modified.  Into  a  flask  were  cliargcd  0.1  mole  each  of  the  two  starting  compounds,  0.1  mole  of  acetyl  chloride 
and  120  ml  of  chlorobenzene.  To  the  cooled  and  stirred  mixture  was  added  (in  1-1.5  hr)  0.06  mole  of  stannic 
‘  chloride  in  30  ml  of  chlorobenzene.  Further  treatment  as  above.  After  the  operations  of  drying  over  calcium 
chloride  and  distillation  of  tlie  chlorobenzene,  a  residue  was  obtained  which  was  distilled  from  a  Favorskii  flask 
In  vacuo  or  in  a  nitrogen  stream.  The  ketone  yield  was  determined  by  direct  fractionation  of  the  mixture  of 
.  ketones;  alternatively  the  yield  was  calculated  from  the  data  for  elemental  analysis  (tliese  experiments  are  starred 
in  Table  2)  or  determined  by  refractometry  (two  stars  in  Table  2).  Refractometry  was  applied  in  the  case  of  five 
mixtures  of  2-acetothienono  and  2,5-dimcthyl-3-acetothienone  (Table  3). 

The  chlorobenzene  distillate  was  reacetylated  by  the  standard  procedure  for  a  further  check. 

The  ratio  of  ketones  in  the  mixture  is  calculated  from  the  equation: 

1.5661X  +  1.5449  (100- x)  =  100  •  n”p  of  mixture. 
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where  x  =  of  2-aceioihienone  and  100- x  =  %  of  2,5-dimeihyl-3-acetothIenone 

Acylation  of  Dibromotliiophencs  and  5-Chloro-2-methylthiophcne  in  Benzene.  The  same  apparatus  was 
charged  with  24.2  g  of  2,5-dibroinotliiophcnc,  8.2  g  of  acetyl  cliloridc  and  120  rnl  of  cryoscopically  pure  benzene. 
To  tlie  solution,  cooled  to  -2*,  was  added  in  the  course  of  30  minutes  26  g  of  stannic  chloride  in  30  ml  of  benzene 
at  such  a  rate  that  the  temperature  of  the  mixture  did  not  exceed  0*.  Stirring  was  then  continued  for  another  30 
minutes  and  tlie  mass  was  stood  overniglit  at  room  temperature.  The  mixture  was  treated  with  100  ml  of  dilute 
(1:9)  hydrochloric  acid  and  shaken  in  a  separating  funnel.  The  aqueous  layer  was  collected  and  washed  with 
lO'^'o  hydrocliloric  acid,  with  lO^p  sodium  carbonate  solution  and  tlien  with  water;  tlie  solution  was  dried  over 
calcium  chloride.  The  benzene  was  driven  off  on  a  water  bath  and  tlie  residue  distilled  in  vacuo  to  give  two 
fractions:  1)  61-63*  (7  mm),  4.86  g,  n^^'D  1.6292;  2)  63-64*  (7  mm),  16.84  g,  n^°D  1.6295;  the  residue  con¬ 
sisted  of  0.16  g  of  resin. 

The  two  fractions  were  unchanged  2,5-dibromothiophcne  with  b.  p.  206-207*,  n**’D  1.6295.  *♦ 

The  following  compounds  were  similarly  subjected  to  acylation  treatment: 

3,4-Dibromothiophene:  obtained  0.38  g  of  3,4-dibromo-2-acetothienone  with  m.  p.  82-82.5*  (from 

heptane). 

Found  *70:  0  25.63,  25.00;  H  1.46,  1.30.  C6H40SBr2.  Calculated  *70:  C  25.37;  H  1.43. 

The  amount  of  recovered  3,4-dibromothlophene  was  21.4  g  (88. 5%)  with  n*°D  1.6388  (the  original  substance 
had  n^^D  1.6390). 

2,3-Dibromotliiophene:  obtained  0.33  g  (3.5^0)  of  4,5-dibromo-2-acetothienone  witli  m.  p.  82-83*  (from 
heptane). 

Found  C  25.61,  25.28;  H  1.49,  1.24.  CgH^OSBrj.  Calculated  ‘7°:  C  25.37;  H  1.43. 

The  amount  of  recovered  2,3-dibromothiophene  was  7.57  g  (78^0)  wltli  n*°D  1.6281  (the  original  substance 
had  n*®D  1.6289). 

5-Chloro-2-mcthylthlophene:  obtained  7.65  g  (54.7*70)  of  5-chloro-2-methyl-(37)-acetothlcnone  with  m. 
p.  40.5-40.8*  (from  heptane). 

Found  *70:  0  48.39,  48.34;  11  3.87,  4.04.  C7H7OSCI.  Calculated  *70:  C  48.14;  H  4.04. 

SUMMARY 

1.  A  study  was  made  under  comparable  conditions  of  the  acetylation  of  some  aromatic  systems  of  the 
benzene  and  thiophene  scries  in  presence  of  stannic  chloride. 

2.  The  method  of  concurrent  (parallel)  reactions  was  employed  for  establishment  of  the  relative  re¬ 
activity  of  individual  components  of  two-component  mixtures  of  homologs  or  derivatives  of  benzene  and 
thiophene. 

3.  The  content  of  Individual  substances  in  the  resulting  mixture  was  determined  by  elemental  analysis 
or  by  calculation  (using  an  additive  formula)  on  the  basis  of  refractometrlc  measurements. 

4.  The  following  sequence  of  activity  toward  the  acylating  agent  was  found:  1,3-dimethoxybcnzene  > 

>  2,5-dimctliylthiophene,  2-methyltliiophenc  >  (?)  2,5-dicthylthiophcne  >  Uiiophene  >  anisole  >  2-bromo- 
thiophene  >  m-xylenc  >  o-  and  p-xylcncs  >  toluene  >  benzene. 
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In  the  course  of  a  study  of  routes  to  tlie  synthesis  of  ring  A  of  tetracyclines  [2]  it  became  necessary  .to  de¬ 
velop  a  general  method  of  introduction  of  tlic  carboxamido  group  into  tlie  2  position  of  cyclic  1,3-dlketones.  Our 
search  for  such  a  rnctliod  was  based  on  work  with  one  of  the  simplest  diketoncs  of  tliis  type  -  dimedon.  Various 
derivatives  of  carbonic  acid  entered  into  consideration  for  the  carboxamidation  by  one  of  the  following  variants; 
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First  of  all  we  investigated  tlie  possibility  of  introduction  of  tlie  carboxamido  group  into  the  2  position  of 
dimedon  via  its  2*carbomctlioxy  derivative  (Ilia),  ammonolysis  of  which  ought  to  lead  to  tlie  carboxamide  (IV). 

It  was  found,  however,  that  the  acylation  of  tlie  Na-cnolate  of  dimedon  by  methyl  chloroformate,  wliich  proceeds 
easily  when  tlie  components  arc  heated  in  ether,  leads  not  to  C-  but  to  O-carbomethoxydimedon  (la).  Attempts 
to  isomerizc  the  latter  to  the  C-carbomethoxydimedon  (Ilia)  with  the  help  of  such  basic  agents  as  potassium  car¬ 
bonate,  pyridine  and  triethylamine  were  utisucccssful:  under  mild  conditions  die  0-*C-acyl  migration  could 
not  be  effected,  and  under  drastic  conditions  serious  resinification  took  place. 

The  inability  of  O-carbometlioxydimedon  (la)  to  undergo  the  0-»C-acyl  rearrangement  prompted  us  to 
investigate  anotlier  route  to  synthesis  of  tlie  carboxamide  (IV),  namely  via  the  uretlianc  (II)  which  according  to 
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tlie  literature  [3]  should  be  very  much  more  susceptible  to  isomerization  to  tlie  corresponding  C -derivative.  We 
attempted  to  prepare  tlie  necessary  ureiJianc  (II)  by  two  metJiods:  by  direct  acylation  of  dimedon  with  carbamyl 
chloride,  and  by  acylation  of  dimedon  with  phosgene  to  compound  (Ib)  followed  by  amidation  of  tlie  latter  to 
urethane  (II).  Ncitlicr  of  these  methods  was  satisfactory.  Carbamyl  chloride  was  unsuitable  due  to  its  great  suscepti¬ 
bility  to  polymerization  under  tlie  influence  of  sodium  dimcdonaie  in  a  medium  of  toluene  or  dimethylformamidc, 
while  phosgene  cither  did  not  react  at  all  with  the  Na-cnolate  of  dimedon  (in  toluene  at-60“)  or  converted  it  to 
3-chloro-5,5-dimetliylcyclohcxcn-2-onc-l  (in  etlicr  at  0*). 

Introduction  of  tlie  carboxamido  group  into  tlic  2  position  of  dimedon  could  only  be  effected  satisfactorily 
by  acylation  with  isocyanates.  Our  study  of  this  reaction  was  prompted  by  a  short  note  by  Dicckmann  [3]  on  tlie 
ability  of  plienyl  isocyanate  to  acylatc  dimedon  to  phcnyluretJiane  (Ic)  which  can  then  be  isomcrized  to  the  cor¬ 
responding  C-dcrivativc  (lllb)  under  tlie  influence  of  alkaline  agents.  In  place  of  dimedon  itself  we  took  its  Na- 
enolatc,  performed  the  condensation  in  a  medium  of  dimctliylformamidc  at  room  temperature,  and  were  able  in 
iliis  way  to  obtain  good  yields  in  the  Cj-carhoxanhdation  of  this  diketonc  witli  various  isocyanates  (phenyl-, 
carbctlioxy-  and  acctylisocyanaies).  This  mctliod  was  tlien  extended  to  more  complex  cyclic  diketoncs  [2,  4]. 

On  the  otlicr  hand,  ammonolysis  of  tlie  resulting  N-acctylamide  (Illd)  with  mcthanolic  ammonia  enabled  facile 
syntlicsis  in  nearly  quantitative  yield  of  2-carbamyldimedon  (IV)  itself. 

The  above  mctliod  of  introduction  of  tlie  N-substituted  and  unsubstituted  carboxamido  group  into  the  2  posi¬ 
tion  of  cyclic  1,3-dikctoncs  opens  up  extensive  possibilities  for  tlie  synthesis  and  study  of  biological  activity  of 
various  compounds  containir^  the  characteristic  structural  features  of  ring  A  of  tetracyclines. 

EXPERIMENTAL 

1.  Preparation  and  Ammonolysis  of  O-Carboinethoxydimcdon  (la).  Into  a  suspension  of  16.2  g  of  tlie  Na- 
cnolaic  of  dimedon  in  150  ml  of  dry  ether  was  stirred  10.4  g  of  metliyl  chloroforrnatc.  The  mixture  was  boiled  for 
7  hours,  tlie  NaCl  was  filtered  off,  tlie  etlicr  distilled  off,  and  the  residue  fractionated  in  vacuo.  Yield  15.1  g 
(7(r/o)  of  (la). 

B.  p.  120-122*  (14  mm),  d”^  1.1187,  n”D  1.4784. 

Found‘7o;  C  60.66;  H  7.35.  CjoHuO^.  Calculated  *70:  C  60.59;  117.12. 

A  solution  of  4  g  of  (la)  in  150  ml  of  TXflo  metlianolic  ammonia  was  stood  in  a  sealed  ampoule  for  100  hours 
at  room  temperature  and  then  evaporated  in  vacuo.  The  crystalline  residue  (4.4  g)  was  divided  into  two  parts. 

One  part  was  sublimed  in  vacuo  at  50*  (3  mm)  to  give  0.63  g  of  metliyl  carbamate  with  m.  p.  53-54*.  The  other 
part  was  dissolved  in  60  ml  of  water  and  acidified  witli  acetic  acid;  the  precipitate  was  filtered  and  washed  with 
water.  Yield  0.83  g  of  dimedon  with  m.  p.  145-146“  (from  alcohol). 

2.  Reaction  of  Dimedon  Na-F.nolate  with  Phosgene.  To  a  stirred  solution  of  15  g  of  phosgene  in  150  ml 

of  dry  etlicr  was  added  12.3  g  of  dimedon  Na-cnolatc  at  0",  and  the  suspension  stirred  4  hours  at  the  same  tempera¬ 
ture.  The  precipitate  was  filtered  and  waslicd  witli  ether,  the  filtrate  was  evaporated,  and  the  residue  (which  did 
not  react  with  aniline  in  tlie  cold)  distilled.  Yield  9.5  g  (7Sf7o)  of  3-chloro-5,5-dimctliylcyclohexcne-2-onc-l. 

B.  p.  78*  (7  mm),  n^D  1.4953.  Literature  data  [5]:  b.  p.  105*  (20  mm),  n”D  1.4942. 

3.  Acylation  of  the  Na -Etiolate  of  Dimedon  with  Isocyanates,  a)  Acylation  with  phcnylisocyanate.  To 

a  solution  of  1.62  g  of  the  Na-cnolaic  of  dimedon  in  25  ml  of  anliydrous  dinicihylformamide  was  added,  with  stirring 
a:  15-20*,  a  solution  of  1.31  g  of  phcnylisocyanate  in  2  ml  of  dimethylformamide  in  the  course  of  5  minutes.  The 
mixture  was  stood  at  20*  for  3  hours  and  tlicn  decomposed  witli  1  ml  of  glacial  acetic  acid.  The  solvents  were 
driven  off  in  vacuo  at  30-40*,  the  residue  was  extracted  with  ether,  and  the  extract  shaken  with  saturated  aqueous 
copper  acetate  solution.  The  precipitated  Cu  salt  was  decomposed  witli  H^S  in  CHCI3.  Yield  1.94  g  (757o)  of 
4,4-dimctliylcyclohcxanedione-2,6-carboxylic  acid-1  anilide  (Ulb). 

M.  p.  92-93*  (from  alcohol)  [3],  274  mp  (log  c  4.40;  c  2.5  •  10’®  M). 

b)  Acylation  with  carbetlioxyisocyanatc.  Acylation  of  1.62  g  of  dimedon  Na-cnolate  in  25  ml  of  dimethyl- 
formaniidc  was  effected  with  1.26  g  of  carbetlioxyisocyanatc  under  the  conditions  of  experiment  3a,  but  tlie  re¬ 
action  mixture  was  kept  at  20*  for  24  hours.  Yield  of  Cu  salt  of  carbethoxyamide  (IIIc)  1.62  g  (ST’/o);  decomp.  p. 
228*  (block  test)  after  recrystallization  from  CHCI3. 
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Found ‘yo:  C  50.00;  H  5.76;  Cn  11.02.  C24H3;OioN2Cu.  Calculated  C  50.38;  H  5.64;  Cu  11.11. 

Decomposition  of  the  Cu  salt  with  H2S  in  CHCI3  gave  a  947®  yield  of  the  N-carbethoxyamIde  of  4,4-dImethy 
cyclolicxancdione-2,6-carboxylic  acid-1  (111c). 

M.  p.  65-66*  (from  alcohol),  ^^ax  ^  4.30;  c  2.4  *  10'*  M). 

Found ‘yo:  C  56.47;  H  6.80;  N  5.72.  Cj2Hn05N.  Calculated 'yo;  C  56.46;  H  6.71;  N  5.49.. 

c)  Acylation  with  acetylisocyanate.  In  the  course  of  5  minutes  a  solution  of  2.3  g  of  acetyllsocyanate  In 
2.5  ml  of  dimethyliormamide  was  stirred  at  15-20*  into  a  solution  of  3.24  g  of  dimedon  Na-enolate  In  60  ml  of 
anhydrous  dimethylformamide.  The  mixture  was  stirred  for  an  hour,  2.5  ml  of  glacial  acetic  acid  was  added, 
and  the  solvents  were  taken  eff  in  vacuo  at  40*.  The  residue  was  acidified  with  1  N  hydrochloric  acid,  and  the 
precipitate  was  filtered,  washed  with  hycrochloric  acid  and  crystallized  from  207<»  alcohol.  Yield  2.7  g  (60^)  , 
of  the  N-acctylamide  of  4,4-dimcthylcyclohexanedione-2,6-carboxylic  acid-1  (llld). 

M.  p.  124-125*,  265  mp  (log  e  4.32;  c  2.0  •  10'*  M  ),  3120  and  3178  cm"*. 

Found  C  58.73;  116.96;  N  6.33;  CnHisO^N.  Calculated '7i>:  C  58.65;  H  6.71;  N  6.22. 

4.  Amide  of  4,4-Dimethylcyclolicxanedione-2,6-carboxylic  Acid-1  (IV).  A  solution  of  0.9  g  of  N-acetyl- 
amide  (Hid)  in  30  ml  of  20’/o  mctlianolic  ammonia  was  left  in  a  sealed  ampoule  for  24  hours  at  20*  and  then  eva¬ 
porated  in  vacuo.  The  residue  was  crystallized  from  297o  alcohol  and  sublimed  at  120*  (0.05  mm).  Yield  0.71  g 
(9r/o)  of  amide  (IV). 

M.  p.  148-149*  (from  alcohol),  X^^ax  259  mp  (log  e  4.08;  c  2.0  •  10  **  M"),  3270,  3340  and  3480 

.1  N*“H 

cm  . 

Found C  58.95;  H  7.17;  N  7.92.  C9H13O3N.  Calculated ‘i/o;  C  59.00;  H  7.15;  N  7.65. 

SUMMARY 

A  metliod  of  carboxamidation  of  0-dlkctones  with  isocyanates  waj  developed  using  dimedon  as  starting 
diketone. 


LITERATURE  CITED 

1.  M.  M.  Shemyakin,  M.  M.  Kolosov,  Yu.  A.  Arbusov,  Hsieh  Yu-yuan,  Sheng  Huai-yu  ,  K.  A.  Sklobovsldl,  and 
M.  G.  Karapetyan,  Doklady  Akad.  Nauk  SSSR  1^,  113  (1959).* 

2.  M.  M.  Shemyakin,  M.  N.  Kolosov,  Yu.  A.  Arbuzov,  V.  V.  Onoprienko,  and  G.  A.  Shatenshtein,  Izvest.  Akad. 
Nauk  SSR,  Oidel.  Khim.  Nauk,  794  (1958).* 

3.  W.  Dieckmann,  J.  Hoppe,  and  R.  Stein,  Ber.JH,  4627  (1904). 

4.  M.  M.  Shemyakin,  M.  N.  Kolosov,  Yu.  A.  Arbuzov,  V.  V.  Onoprienko,  and  Hsieh  Yu-yuan,  Zhur.  Obshchel 
Khim.  549  (I960).* 

5.  R.  L.  Frank,  and  H.  K.  Hall,  J.  Am.  Chem.  Soc.  12,  1645  (1950). 


•Original  Russian  pagination.  See  C.  B.  translation. 


565 


INVESTIGATIONS  ON  TETRACYCLINES 

VII.  ROUTES  TO  SYNTHESIS  OH  RING  A  OF  TETRACYCLINES* 

M.  M.  Shcmyakin,  M.  N.  Kolosov,  Yu.  A.  Arbuzov, 
V.  V.  Onoprienko  and  Hsieh  Yu*yuan 

Instiiuic  of  Organic  Chemistry,  Academy  of  Sciences,  USSR  and 
Institute  of  Biological  and  Medical  Chemistry,  Academy  of 
Medical  Sciences  .USSR 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol  30,  No.  2,  pp.  545-556, 
February,  1960 

Original  article  submitted  February  25,  1959 


We  previously  descrilxid  [2]  tlie  preparation  of  tricyclic  compounds  of  the  types  of  (I)  and  (II)  in  which  two 
rings  arc  similar  in  structure  and  in  stcric  relationships  to  rings  D  and  C  of  natural  tetracyclines  (III),  while  tlie 
tlilrd  ring  contains  various  structural  prerequisites  for  subsequent  formation  of  ring  A  and  for  introduction  of  the 
necessary  functional  groups  of  ring  B  of  tetracyclines. 


OH 


or  0Mc,X=y=Br  or  X*y=0< 


R  0 

(ll)R=Hor  0Me,x=HorCl 


(in)x=NMej,  r’=h  or  Cl,  r*  =  h  oro« 
(MX=H,R^  =  H  or  Cl  ,  R*=HOrOH 


Transition  from  these  compounds  to  tetracyclines  tliemselves  called  for  preliminary  development  of  a 
method  for  building  up  ring  A  on  the  basis  of  tlie  active  functional  groups  (dibromo,  oxido,  ketonic  or  a-chloro- 
ketonic)  of  compounds  (1)  and  (II).  In  this  connection  it  was  necessary  tliat  the  synttiesis  should  be  stcreospecific 
and  should  lead  to  substances  with  cis-linked  rings  A  and  B,  and  tliat  tlie  whole  process  of  construction  of  ring 
system  A  should  proceed  in  the  absence  of  strongly  acidic  agents  which  would  bring  about  dehydration  and  aro- 
matization  of  ring  C  of  the  tetracyclines.  The  only  simplification  that  seemed  permissible  (at  any  rate  in  the 
first  stages  of  development  of  such  a  method)  could  be  the  absence  of  a  dimetliylamino  group  from  the  compounds 
to  be  synthesized,  since  we  know  that  this  group  is  not  biologically  specific  in  tlie  tetracycline  series.* • 

•See  [1]  for  preliminary  communication. 

•*According  to  the  literature  a  cliange  of  configuration  of  the  C4  or  even  removal  of  the  dimetliylamino  group 
from  the  molecule  of  tetracycline  does  not  lead  to  loss  of  biological  activity;  see,  for  example,  epitetracycllnes 
(quatrirnycins)  (III)  [3]  and  desdimethylaminotetracyclines  (IV)  [4]. 
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We  tliereforc  undertook  a  study  of  routes  to  synthesis  of  compounds  possessing  all  the  characteristic  group¬ 
ings  of  ring  A  of  tetracyclines  with  the  exception  of  die  dimediylaniino  group  In  the  4  position.  We  may  arbit¬ 
rarily  propose  a  tlirec-step  synthesis  for  iliis  class  of  desdimethylamlno  compounds  (IX):  syntliesis  of  tlie  upper 
part  of  ring  A  [la(lb)  or  Ila(llb)  -*  (V)],  synthesis  of  its  lower  part  (V  -*  VI  —  VII),  and  cyclizaiion  followed  by 
Introduction  of  die  carboxamido  group  (VII  -*  VIII  -►  IX). 
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The  first  step  -  formation  of  the  upper  part  of  ring  A  [la(Ib)  or  Ila(IIb)  -♦  (V)]-  can  be  realized  by  various 
routes,  starting  from  dibromo  compounds  (la)  and  epoxides  (Ib)  as  well  as  from  ketones  (Ila)  and  haloketones 
(lib).* 

All  these  routes  have  been  more  or  less  diorotighly  studied  and  described  for  the  case  of  the  simplest  com¬ 
pound  of  type  (V)—  2-kctocyclohexylacetic  ester  (XII).  The  first  two  of  these,  starting  from  cyclohexane  dl- 
bromldc  or  oxide,  have  already  been  worked  out  in  fair  detail  [6,  7];  we  therefore,  did  not  investigate  them 
closely.  The  dtird  synthesis  step  (introduction  of  a  carbalkoxytnethyl  residue  Into  the  cyclohexane  ring  [8])  has 
die  advantage  of  great  simplicity  and  in  our  experience  can  be  performed  not  only  with  aid  of  pyrrolldiiilc  but 
also  of  pipcridittic  or  morpholinic  enamines  (X).** 


\/\r 


\/\m 


'C02Et 


"CO2EI 


(X)  (XI)  (XII) 

z  =  cii,,  (CM,),  or  ocii,. 

The  fourth  route  -  condensation  of  a -haloketones  widi  sodium  malotilc  ester  -  has  the  merit  that  (In  con¬ 
trast  to  the  odicr  tliree  routes)  it  leads  to  entry  of  a  carbalkoxymethyl  residue  in  a  strictly  specific  position  of 
the  cyclohexane  ring.  Here  we  established  that  condensation  of  a-chlorocyclohexanone  with  sodium  malonlc 
ester  goes  satisfactorily  (yield  lOlo)  only  when  the  components  arc  heated  for  an  hour  in  benzene;  more  pro¬ 
longed  heatitig  (previously  recommended  [10])  or  replacement  of  sodium  malonic  ester  by  eihoxymagnesium 
malonic  ester  leads  to  a  lower  yield.  The  resulting  ketodicarboxylic  ester  (XIII)  is  easily  sapotiificd  by  one  equi¬ 
valent  of  KOH  to  form  the  acid  ester  (XIV)  wltich  on  decarboxylation  in  presence  of  piperidine  gives  2-keio- 
cyclohexylacetic  ester  (XII). ••• 


,CH(C02Et)2 


/CO2H 

1  1 

\/Vo 

\/^o 

(XIV) 

(XII) 

002^1 


•In  this  connection  routes  involving  drastic  treatment  with  mineral  acids  should  be  avoided  (see  for  example  [5j) 
since  under  such  conditions  tetracyclines  are  dehydrated  and  cleaved  to  apo  compounds. 

••It  sliould  be  noted  that  contrary  to  die  accepted  view  about  the  inability  of  a -substituted  cyclohexanones  to  be 
alkylated  by  ctiamitics  (see  [9]  for  literature  and  attempts  at  interpretation  of  this  plietiomctioti),  considerable 
amounts  of  products  of  disubstitution  arc  invariably  obtained  on  reaction  of  compound  (X)  with  ethyl  bromoacetate 
in  boiling  benzene;  tliese  arc  evidently  the  results  of  detachment  of  a  proton  from  the  salt  (XI)  followed  by  alkyl¬ 
ation  of  tlte  a -substituted  cnamine. 

•••Similar  condensation  of  chlorocyclohcxanonc  with  acctylaminornalonic  ester,  followed  by  saponification  of 
both  ester  groups  and  by  decarboxylation  led  to  2-kctocyclohcxyl-N-acctylglycinc,  m.  p.  206-207*  (from  water). 
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The  second  step  of  the  synthesis  —  formation  of  tlie  lower  part  of  ring  A  (V  -♦  VI  -»  VII)-  Involves  etliynyl- 
ailon  of  tlic  ketoester  (V)  and  hydration  of  the  triple  bond  in  tlie  resulting  etliynylcarbinol  (VI). 

2-Kctocycloliexylacetic  ester  (XII)  easily  reacts  with  sodium  acctylldein  liquid  ammonia  to  form  (89^0 
yield)  a  mixture  of  the  stereoisomeric  2-ethynyl-2-Iiydroxycyclohexylacctic  esters  (XVa)  and  (XVIa)  In  the 
approximate  ratio  of  3  ;  1.  After  saponification  to  the  corresponding  iiydroxyacids  (XVb)  and  (XVlb)  the  stereo¬ 
isomers  can  be  readily  resolved  by  selective  conversion  of  one  of  them  into  the  lactone  (XIX).  For  preparative 
purposes,  however,  It  Is  more  convenient  to  perform  this  separation  at  the  next  step  of  the  synthesis  -  after  hy¬ 
dration  of  the  mixture  of  unsaturated  hydroxyesters  (XVa)  and  (XVIa).  This  reaction  is  performed  in  alcoliolic 
solution  witli  the  help  of  (AcO)2Hg  at  room  temperature  (cf.  [11])  or  in  presence  of  tlie  mercury  salt  of  p-toluenc' 
sulfonamide  at  tlie  boll  (cf.  [12]);  decomposition  of  die  reaction  products  with  liydrogen  sulfide  gives  a  mixture 
of  die  cIs-  and  trans-hydroxyketoesters  (XVIIa)  and  (XVIlIa);  the  yield  by  die  first  mediod  is  65‘’/o,  by  the  second 
4(f7o.  The  Individual  stereoisomers  are  Isolated  by  saponification  of  die  mixture  widi  aqueous  alcoholic  NaOH 
and  separation  of  the  acids  (XVIlb)  and  (XVllIb)  by  crystallization  of  die  former  and  selective  lactonlzation  of 
die  latter. 


cc 


(XII) 


COjtt 


-0 
C=CH 
(XDC) 


cr 


COiR 
C  =  CH 


HO 

(XV fO  R=Et 

(Xvb)  R=H 
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HO 

(XVIa)  R-EI 
(XVI U 


^COCH, 

(XVlIa)R=Et 

(XVlb)R=H 

H 

'"'COtR 

Hf-COCH, 

(XVlUa)  R=  Et 
(XVlIlb)  R=  H 


It  Is  known  diat  cIs-2-ltydroxycyclolicxylacetic  acid  lactonizes  very  mucli  more  easily  than  Its  epimer 
[6].  This  is  evidently  associated  with  the  fact  diat  distortion  of  the  cliair  conformation  of  the  six-membered  ring 
due  to  closure  of  the  five-memlxired  lactotic  ring  leads  in  the  case  of  the  trans-isomer  to  increased  axial  1,3- 
repulsion  (just  as  happens  during  formation  of  isopropylidetie  derivatives  of  cyclic  trans-glycols  [13]).  It  can 
diereforc  be  expected  that  replacement  in  2-hydroxycyclolicxylacetic  acid  of  the  hydrogen  atom  in  die  2  posi¬ 
tion  by  an  ethynyl  radical  must  even  more  seriously  hinder  lactonlzation  of  the  trans-isomer  (A  -♦  A^)  and  only 
very  slightly  interfere  widi  die  lactone -formitig  ability  of  die  cls-hydroxyacid  (B-*  B^). 


A  study  of  the  rate  of  acid-catalyzed  lactonlzation  of  the  hydroxyacids  (XVb)-(XVIIIb)  brought  experi¬ 
mental  support  to  this  hypothesis.  In  each  pair  of  compounds  —  (XVb)  and  (XVlb),  (XVIIb)  and  (XVIIIb)  -  die 
acids  obtained  from  die  basic  product  formed  on  ethynylation  of  ketoester  (Xll)  were  found  to  lactonizc  widi 
considerably  greater  facility  than  dieir  epimers;  we  must  therefore  assign  to  them  formulas  (XVb)  and  (XVIlb) 
with  transposition  of  die  Oil  and  011200211.  Similar  results  were  obtained  on  thermal  lactonlzation  of  hydroxy- 
acids  (XVIlb)  and  (XVIIIb):  the  rate  oi  formation  of  lactone  (XX)  from  add  (XVIlb)  was  considerably  lower 
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tlian  the  rate  of  formation  of  lactone  (XXI)  from  add  (XVIIIb).*  For  the  purpose  of  synthetic  investigations  in 
tlie  tetracycline  scries,  the  character  of  tlie  coupling  of  rings  A  and  D  in  the  end  compounds  of  type  (IX)  is  stereo- 
chcmically  more  important;  in  the  furtlier  course  of  this  paper  we  shall  therefore  designate  the  configuration  of 
all  substances  with  reference  to  the  disposition  of  tlie  carbon  substituents;  on  this  basis  the  difficultly  lactonized 
acids  (XVb)  andfXVIlb),  tlieir  derivatives  and  transformation  products  arc  designated  as  cls-compounds,  while 
tlie  easily  lactonized  acids  (XVIb)  and  (XVIIIb)  and  all  genetically  related  substances  are  designated  as  trans-com¬ 
pounds.  Consequently  on  ediynylation  of  ketocster  (XII)  tlie  acetylenic  residue  enters  predominantly  into  tlie  cis- 
position  to  the  existing  substituent.  Tliis  spatial  directivity  of  the  acetylenic  syntlicsis  is  evidently  fairly  general 
In  tlie  a -alkylcyclolicxanonc  series  since  similar  results  were  observed  with  2-methylcyclohexanonc  [15]  and  17a- 
keto-D-homosteroids  (16). 

The  third  and  final  step  In  synthesis  of  ring  A  (VII  -*  VIII  -♦  IX)  involves  cyclization  of  hydroxyketoesters 
(VII)  to  hydroxydikctoncs  (VIII),  C-carboxamidation  of  the  latter  by  isocyanates  to  compounds  of  the  type  (IX, 

R  =  Ph,  Ac,  etc.)  and,  finally,  removal  (if  necessary)  of  die  substituent  from  the  carboxamido  group  witli  form¬ 
ation  of  unsubstituted  amides  of  the  type  of  (IX,  R  =  H). 

Cyclization  of  hydroxyketocstcr  (XVIIa)  to  cis-9-hydroxy-l,3-diketodccalIn  (XXII)**  proceeds  readily 
and  with  liigh  yield  {93’io)  under  die  influence  of  sodium  alkoxidcs  at  room  temperature;  the  reaction  can  be 
successfully  performed  with  dry  sodium  medioxide  in  ether  (sec  [17]),  but  it  is  especially  convenient  to  use  so¬ 
dium  ethoxidc  in  anhydrous  alcohol.  Not  only  esters  of  hydroxyketoacids  (XVIIa)  and  (XVIIIa)  but  also  the  cor¬ 
responding  lactones  (XX)  and  (XXI)  are  suitable  for  intramolecular  acylation  of  the  CII3CO  group;  with  the  lactones, 
moreover,  the  reaction  goes  under  the  same  mild  conditions  and  with  nearly  the  same  yield.  The  latter  method 
Is  particularly  convenient  for  the  preparation  of  the  trans-hydroxydiketonc(XXIII)  since  the  corresponding  lactone 
(XXI)  is  obtained  directly  during  resolution  of  die  stcreoisomeric  acids  (XVIlb)  and  (XVIIIb). 

Hydroxydikctoncs  (XXII)  and  (XXIII)  can  be  carboxamidated  by  our  general  method  [18]  which  we  originally 
applied  to  dimedon  and  which  involves  treatment  of  die  Na-enolates  of  these  hydroxydikctoncs  in  dimethylform- 
amidc  witli  excess  of  die  appropriate  isocyanate.  It  is  true  that  die  reaction  here  docs  not  go  as  smoothly  as  in 
die  case  of  dimedon;  nevertheless  diis  route  is  entirely  suitable  for  introduction  of  a  substituted  carboxamido 
group  into  ring  A  widiout  previous  shielding  of  the  angular  hydroxyl.  Condensation  of  the  cis-hydroxydiketone 
(XXII)  with  plicnylisocyanate  thus  gives  the  carboxanilide  (XXIVa)  in  457o  yield,  and  condensation  with  acetyl- 
isocyanate  gives  the  N-acctylcarboxarnidc  (XXIVb)  in  30lo  yield;  similarly  tlie  trails -hydroxydiketone  (XXIli) 
is  converted  to  the  N-acctylcarboxamidc  (XXVa)  in  607'’  yield.  Compounds  (XXIV)  and  (XXV)  form  typical 
inner-complex  copper  salts;  dieir  infrared  spccira  contain  the  characteristic  band  of  die  OH  group  In  the  3500 
cm'*  region  (this  band  also  persists  after  transformation  of  the  compound  into  the  copper  salt),  and  dicIr  ultra¬ 
violet  spectra  arc  similar  to  those  of  the  corresponding  2-carboxamido  derivatives  of  dimedon  [18].  It  follows 
from  diese  data  that  die  compounds  formed  are  indeed  the  Cj-carboxamidcs  (XXIV)  and  (XXV)  and  not  the  Oj-, 

O3-  or  09-urethanes  of  the  original  hydroxydiketones. 


•A  second  independent  appraisal  of  the  spatial  structure  of  the  synthesized  compounds  was  obtained  by  a  study  of 
the  Infrared  spectra  of  lactones  (XX)  and  (XXI)  since  it  was  found  that  the  frequency  of  the  valence  bond  vibrations 
In  lactone  (XX)  is  16  cm'^  higher  than  in  lactone  (XXI).  According  to  die  relationships  previously  derived  [14] 
diis  indicates  that  die  C~0  bond  is  axial  in  lactone  (XXI)  and  that  consequently  the  CHjCO  and  COCH3  groups  are 
in  the  e,e-  position,  i.e.,  in  the  trans-position  (formula  B^);  the  diastereoisomeric  lactone  (XX)  will  then  have  die 
rigid  conformation  with  e,e  -coupling  of  the  rings,  i.e. .with  cis  arrangement  of  the  CH3CO  and  COCH3  groups 
(formula  A^). 

*•  Independently  of  us  [l],and  at  the  same  time, these  compounds  were  synthesized  by  Huang  Yao-tseng  and  Hsu 
Yuan-yao  [17]  by  drastic  acid  hydration  of  acetylenic  ester(XVa)byKuchcrov’s  method  followed  by  cyclization 
of  hydroxyketocster  (XVII,  R  =  Me)  with  die  aid  of  MeONa  in  ether.  The  complete  identity  between  the  prepara¬ 
tion  obtained  by  dicse  workers  and  a  specimen  of  ourcis-dihydroxyketorie  (XXII)  was  confirmed  by  direct  com¬ 
parison. 
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{XWa )  R  =  PK 
(XXr.b)  R=Ac 
(XWVc)  R  =  H 


Tlic  last  step  In  the  synthesis  of  ring  A  Is  amnionolysis  of  tlie  N-acctylcarboxamldo  group  of  compounds 
(XXIVb)  and  (XXVa).  It  proceeds  readily  under  the  action  of  2<Th  mcihanollc  ammonia  at  20*  and  leads  in  a  yield 
of  about  70*70  to  the  corresponding  cis-  and  trans -compounds  containing  an  unsubstituted  amido  group  (XXlVc)  and 
(XXVb). 


Our  synthesis  of  the  stercoisomeric  2-carboxamido-9-decalol-l  ,3-diones  proceeds  under  conditions  not  pro¬ 
voking  dehydration  of  tetracyclines  and  leads  to  preferred  formation  of  compounds  witli  cis-coupling  of  rings  A 
and  B.  This  synthesis  can  tlierefore  be  regarded  as  stereospecific  for  the  formation  of  ring  A  of  tetracyclines  them¬ 
selves.  It  Is  also  notcwortlty  that  our  syntliesizcd  compounds  (XXIVc)  and  (XXVb)  contain  four  Important- func¬ 
tional  groups  of  tetracycline,  and  in  connection  witii  the  biological  nonspecific! ty  of  tlie  entire  “upper  peripliery" 
of  tetracycline  molecules  [10]  they  are  of  interest  for  study  of  the  relation  between  structure  and  antimicrobic 
activity  in  this  series  of  compounds. 


EXPERIMENTAL  • 

1.  Preparation  of  tlte  Ethyl  Ester  of  2-Ketocyclohexylacctic  Acid  (XII).  a)  1.0  mole  of  cycloliexanone, 

1.1  mole  of  secondary  amine  (see  Tal)le  1)  and  1  mM  of  p-toluenesulfonic  acid  In  200  ml  of  benzene  were  heated 
until  water  ceased  to  come  off  (see  [20]);  tlie  enamine  (X)  was  Isolated  by  distillation  and  alkylated  with  etliyl 
bromide  in  boiling  benzene;  the  product  was  tlien  hydrolyzed  witli  aqueous  metlianol  by  the  literature  method 
(21).  The  resulting  ketocster  (XII)  had  b.  p.  121-122*  (7  rnrn),  n**D  1.4592;  semicarbazone:  m.  p.  194-196* 
(decomp.)  (from  alcohol)  [5].  At  the  same  time  bis-(carbetlioxymcthyl)-cyclohcxanone  is  formed  in  5-l(/7o 
yield;  b.  p.  116*  (0.03  mm),  n^D  1.4617. 

Found  *70:  C  62.61;  H  8.42.  Equiv.  (saponification  by  Kuntz  mctliod)  270.  Ci4,H2206.  Calculated  *70: 

C  62.20;  H  8.20.  Equiv.  270. 

b)  To  sodium  malonic  ester  (prepared  from  44  g  of  malonic  ester  and  4  g  of  sodium  powder  in  200  ml  of 
benzene)  was  added  19.8  g  of  2-chlorocyclohexanone  in  12  g  of  malonic  ester  and  12  ml  of  benzene;  tlie  reaction 
mixture  was  stirred  for  an  hour  at  80-90*  and  worked  up  in  the  usual  manner.  Yield  of  ketoester  (XIII)  26.8  g 
(707o),  b.  p.  151-153*  (3  mm),  n*®D  1.4595  [10].  The  yield  of  ketoester  (XIII)  falls  to  only  45*70  if  sodium  malonic 
ester  is  replaced  by  etltoxymagncsium  malonic  ester  and  if  the  heating  period  Is  prolonged  to  2  hours. 

Saponification  of  5.1  g  of  this  ketocster  in  10  ml  anhydrous  alcohol  was  effected  witli  20  ml  of  1  N  alcoholic 
‘  KOI!  (20  hours  at  20*),  the  alcohol  was  taken  off  in  vacuo,  and  tlie  residue  dissolved  in  20  ml  of  water.  The  so¬ 
lution  was  shaken  several  times  witli  ether  [1.5  g  (297°)  of  the  original  ketoester  (XIII)  was  recovered  from  tlie 
ether  solution]  and  acidified  with  2(l7o  H2SO4  (to Congo);  the  acid  ester  (XIV)  was  extracted  witli  ethyl  acetate 
and  decarboxylated  at  120-125*  in  presence  of  0.2  g  of  piperidine  (1  hour).  The  product  was  dissolved  in  ether 
and  acid  impurities  were  removed  with  5*70  NallCOs.  There  was  obtained  1.6  g  (4470)  of  ketoester  (XII)  with 
b.  p.  130-132*  (9  mm),  1.4602. 


•Infrared  spectra  were  measured  by  D.  N.  Shigorin  and  T.  S.  Ryabchikova.  All  the  ultraviolet  spectra  were 
measured  on  2  y  10‘®  M  solution  in  967o  alcohol.  The  following  notation  is  used  for  tlie  infrared  spectra;  with¬ 
out  solvent  V ,  In  fluorinated  oil  inCCl^ 
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TABLE  1 


Starting  amine 

Enamine  (X)  obtained 

Yield  of  (Xll)from(X)  on 
alkylation  (in%) 

yield 

CI-) 

boiling  ppint 
at  7  mm 

n/’ 

1.1  mole 
Brcn,cu,i;i 

2  0  mole 
BrCJI.cO.Et 

P)'rrolidine  . 

85 

<)6_n8® 

1.5173 

52 

57 

piperidine  . 

62 

100-101 

1.5163 

40 

43 

Morpholine . 

88 

104-105 

1.5147 

30 

35 

Replacenicn;  in  the  above  experiment  of  the  KOH  solution  by  60  ml  of  1  N  alcoholic  NaOH  and  doubling 
of  the  saponification  period  resulted  (after  decarboxylation)  in  isolation  from  the  bicarbonate  solution  of  1.9  g 
{QYlo)  of  2-keiocyclohexylacetic  acid  wltli  b.  p.  155-157*  (4  mm),  m.  p.  73-74*  (from  water)  [22], 

2.  Ethynylation  of  the  Ethyl  Ester  of  2-KetocyclohexylacetIc  Acid  (XII).  To  a  solution  of  13.8  g  of 
sodium  in  500  ml  of  anhydrous  liquid  ammonia,  saturated  witli  acetylene,  was  gradually  added  92  g  of  keto- 
ester  (XII)  in  100  ml  of  absolute  ether  at -40*  with  stirring.  The  mixture  was  stirred  for  anotlicr  hour  at  the 
same  temperature,  43  g  of  ammonium  chloride  was  added  and  the  ammonia  driven  off.  The  residue  was  stirred 
with  250  ml  etlicr  and  acidified  at -30’  witli  100  ml  of  H2SO4.  The  ethereal  solution  was  washed  with  3lo 
H2SO4,  then  with  water  and  witli  saturated  NallCOs  solution  and  again  with  water,  dried  with  sodium  sulfate  and 
evaporated.*  Yield  of  mixture  of  etliyl  esters  of  cis-  and  u:ans-2-ethynyl-2-hydroxycyclohcxylacetIc  acids 
(XVa)  and  (XVIa)  89  g  (8J?7o). 

B.  p.  83-84*  (0.02  mm),  n‘"D  1.4831,  d*"4  1.065,  MRd  56.4;  calculated  56.5. 

V  1733  cm"^,  V  2082  cm'^,  v _ _  3292  cm"^  and  ..  3452  cm"^. 

C  =  0  C^C  ^-41  O-H 

Found‘7o;  C  68.74;  118.57;  1.02.  M(in  CellgNOz)  211.  CjiHigOj.  Calculated  C  68.54; 

H  8.63;  Hjci  1-00.  M  210. 

The  compound  does  not  decolorize  Dr2  in  glacial  acetic  acid  at  20*  or  In  CCI4  at  50*,  but  in  presence  of 
Pt02  it  rapidly  takes  up  2  moles  of  H2  to  give  a  9(f7o  yield  of  a  mixture  of  cis-  and  trans-2-ethyl-2-hydroxy- 
cyclohexylacetic  esters,  b.  p.  76-79*  (0.03  mm),  1.4748. 

Found  7o:  C  67.48;  H  10.34.  Hact.  C12H22O3.  Calculated  C  67.25;  H  10.35.  H^ct 

Subsequent  treatment  with  hydrazine  hydrate  in  alcohol  led  to  separation  of  the  hydrazide  of  the  saturated 
cIs-acid.  Yield  SOI0,  m.  p.  181-182*  (f^om  alcohol). 

Found  N  14.04.  Cjon2o02N2.  Calculated  *70:  N  13.99. 

3.  Preparation  of  Cis-  and  Trans-2-ethynyl-2-hydroxycycloltexylacetic  Acids  (XVb)  and  (XVIb)  and  of 
tlic  Lactone  of  die  Trans-acid  (XIX).  a)  A  mixture  of  21  g  of  esters  (XVa)  and  (XVIa)  in  250  ml  of  alcohol  was 
saponified  with  250  ml  of  0.5  N  NaOH  (16  hours  at  20’);  die  solution  was  concentrated  in  vacuo,  acidified  witli 
10  ml  of  70Vo  112804  and  extracted  widi  ethyl  acetate.  The  extract  was  washed  witli  saturated  NaCl  solution, 
dried  widi  sodium  sulfate  and  evaporated;  die  residue  was  triturated  widi  benzene  and  the  solid  was  filtered  and 
recrystallized  from  benzene.  After  collection  of  an  additional  quantity  of  substance  as  described  in  expt.  3b, 
the  total  yield  of  cis-acid  (XVb)  was  12.9  g  (71%),  m.  p.  101-102*. 

Found%:  C  65.57;  H  7.73.  CioHuOa.  Calculated  %:  C  65.91;  H  7.74. 

S-Benzylthiuronium  salt:  m.  p.  147-148*  (dccomp.,  from  25%  alcohol). 

Found  %:  C  61.95;  H  7.06;  N  7.90;  S  9.11.  C18H24O3N1S.  Calculated  %:  C  62.05;  116.94;  N  8.04;  S  9.18. 

•The  bicarbonate  wash  liquor  contained  about  5%  of  a  mixture  of  die  isomeric  acids  (XVb)  and  (XVIb)  from 
which  after  distillation  [b.  p.  131-132*  (0.04  mm),  n*®D  1.4968]  crystallized  the  cis-acid  (XVb)  described  in  expt. 
3a. 
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b)  The  mother  liquors  after  separation  of  the  cis-acid  (XVb)  were  evaporated,  the  residual  oil  was  boiled 
for  10  minutes  with  80  ml  of  0.1  N  ll^SO^,  cooled,  and  extracted  witli  ether.  The  extract  was  washed  witli  sa¬ 
turated  Nal!C03  solution  [from  die  acidified  bicarbonate  solution  was  isolated  the  pure  cis-acid  (XVb)]  and 

with  water,  dried  witli  sodium  sulfate  and  evaporated.  There  was  obtained  4.0  g  (247o)  of  the  lactone  of  die  trans¬ 
acid  (XIX)  with  b.  p.  G3-64*  (0.04  mm),  n*’D  1.4926. 

Found ‘/o:  C  72.79;  117.31.  Equiv.  (Kuntz  saponification)  164.  C10H12O2.  Calculated  C  73.14;  H  7.37. 
Equlv.  164. 

c)  Saponification  of  0.75  g  of  tliis  lactone  in  100  ml  of  alcohol  was  effected  with  100  ml  of  0.1  N  NaOH 
(16  hours  at  20*);  the  solution  was  evaporated  in  vacuo,  acidified  with  9.96  ml  of  1  N  II2SO4  and  extracted  widi 
CHCI3.  Removal  of  the  solvent  in  vacuo  at  15'  left  0.85  g  of  liquid  tians-acid  (XVIb).  On  standing  it  reverted 
spontaneously  to  die  original  lactone (half-lactonizaiion period  about  10  days  at  20'). 

S-Bcnzyldiinroiuum  salt:  m.  p.  142-143'  (decornp.)  (from  257o  alcohol);  gives  a  depression  of  melting 
point  in  admixture  with  the  S-bcnzylthiuronium  salt  described  in  expt.  3a. 

Found'yo:  C  62.16;  H  7.05;  N.8.41;  S  9.15.  C18H24O3N2S.  Calculated  *70;  C  62.05;  H  6.94;  N  8.04; 

S  9.18. 

4.  Hydration  of  Ethyl  Esters  of  Cls-  and  Trans-2-cthynyl-2-hydroxycyclohcxylacetic  acids  (XVa)  and 
(XVla).  a)  To  a  solution  of  10  g  of  a  mixture  of  esters  (XVa)  and  (XVla)  in  2  liters  of  anhydrous  alcohol  was 
added  61  g  of  mercuric  acetate,  and  the  suspension  was  shaken  for  48  hours  at  20';  the  mercuric  salt  dissolved 
quickly  and  die  addition  product  gradually  came  down.  It  was  filtered,  washed  with  alcohol  and  suspended  in 
1200  ml  of  cdiyl  acetate;  tlic  agitated  suspension  was  saturated  with  H2S,  filtered  after  3  hours  and  evaporated 
In  vacuo.  The  residue  was  dissolved  in  ether,  washed  with  saturated  NaMC03  solution  and  with  water,  dried 
wldi  sodium  sulfate  and  evaporated.  Yield  of  mixture  of  etliyl  esters  of  cis-  and  trans-2-acetyl-2-hydroxycyclo- 
liexylacctic  acids  (XVIIa)  and  (X Villa)  7.2  g  (OG’/o),  b.  p.  90-92'  (0.03  mm),  n*®D  1.4735.  The  product  gives  a 
positive  iodoform  reaction  for  the  CH3CO  group. 

Found  C  62.77;  H  8.99.  C12H20O4.  Calculated  *70;  C  63.13;  118.83. 

b)  Boiling  of  2.7  g  of  the  mixture  of  esters  (XVa)  and  (XVla)  and  7.4  g  of  tlie  mercury  salt  of  p-toltienc- 
sulfonamidc  iti  200  ml  of  alcohol  was  performed  for  80  hours;  the  solution  was  then  filtered,  saturated  with  II2S 
and  evaporated  to  dryness  in  vacuo.  The  residue  was  extracted  with  boiling  etJier  and  tlie  extract  evaporated; 
the  residue  of  p-toluencsulfonamide  was  filtered  from  the  oil  and  washed  with  a  little  ether.  The  filtrate  was 
diluted  with  ether,  washed  at  0"  with  0.5  N  NaOH  solution,  with  8%  NaHC03  solution  and  witli  water;  It  was  tlien 
dried  with  sodium  sulfate  and  evaporated,  and  the  residue  was  distilled.  Yield  of  mixture  of  esters  (XVIIa)  and 
(X Villa)  1.2g  (4r7o). 

5.  Preparation  of  Cis-  and  Trans-2-acetyl-2-hydroxycyclohexylacetic  Acids  (XVIIb)  and  (XVlIIh)  and  their 
Lactones  (XX)  and  (XXII).  a)  Sapotiification  of  22.8  g  of  tlie  mixture  of  esters  (XVIIa)  and  (XVIIIa)  in  500  ml 

of  alcoliol  was  effected  with  500  ml  of  0.4  N  NaOH  (1  hour  at  20');  tlie  solution  was  neutralized  (to  plienol- 
phthalcin)  with  1  N  H2SO4,  evaporated  in  vacuo  to  a  small  volume,  acidified  (to Congo)  with  dilute  H2SO4 
and  extracted  with  CHCI3.  The  extract  was  dried  witli  sodium  sulfate,  the  solvent  was  removed  in  vacuo  and  the 
cis-acid  (XVIIb)  filtered  off  and  recrystallized  from  benzene.  Yield  14.4  g  (7‘27o),  m.  p.  115-116*. 

Found  70:  C  60.15;  H  8.22.  C10H16O4.  Calculated ‘7.;  C  59.98;  H  8.05. 

b)  The  motlier  liquors  (after  separation  of  die  cis-acid  (XVIIb)  were  evaporated;  the  residual  oil  was  boiled 
for  6  hours  with  40  ml  of  0.1  N  H2SO4  and  worked  up  as  in  expt.  3b.  There  was  obtained  4.3  g  (24°Jo)  of  tlie 
lactone  of  the  trans-acid  (XXI)  with  b.  p.  72-73'  (0.03  mm),  m.  p.  46-47'  (from  a  mixture  of  etlier  and  hexane); 

1164  cm*\ 

c-o 

Found  "/o;  C  65.81;  H  7.77.  C10H14O3.  Calculated  *70:  C  65.91;  H  7.74. 

Semicarbazone:  m.  p.  199-200'  (from  alcohol). 

FoundT’o;  C  55.23;  H  7.27;  N  17.82.  CnHj704N3.  Calculated ‘7c-.  C  55.21;  H  7.16;  N  17.56. 
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TABLE  2 


Acid 

Percent  lactonization  on  heating  with  0.1  N  H2SO4 

for 

5  min 

15  min 

30  min 

1  hr 

2  hr 

6hT 

(XVbf 

3 

8 

. 

19 

_ 

(XVlb) 

86 

100 

— 

— 

— 

(XVIIb) 

0 

— 

0 

0 

0 

(XVIllb) 

15 

i 

66 

8.3 

100 

1 

c)  Saponification  of  0.55  g  of  this  lactone  in  60  ml  of  alcohol  was  effected  with  60  ml  of  0.1  N  NaOH 
(2  hours  at  20*)  and  the  product  worked  up  as  in  expt.  5a  to  give  0.58  g  (9Gyo)of  tians-acid  (XVIllb)  with  m.  p. 
98-100*  (from  water). 

Found^yo:  C  60.03;  118.15.  CjoHieO^.  Calculated  *70:  C  59.98;  118.05. 

d)  Heating  of  3.2  g  of  cis-acid  (XVIIb)  for  6  hours  at  150*  (15  mm)  gave  an  oil  which  was  distilled.  Yield 

of  lactone  of  cis-acid  (XX)  2.65  g  (91^70),  b.  p.  70-71*  (0.12  mm),  n**D  1.4828,  1180  cm’^. 

Found ‘7o:  C  65.77;  H  7.74.  CioHuOs.  Calculated ‘7o;  C  65.91;  H  7.74. 

6.  Preparation  of  Ethyl  Ester  of  Cis-2-acetyl-2-hydroxycyclo}iexylacetic  Acid  (XVIIa).  To  14.4  g  of  cis- 
acid  (XVIllb)  in  55  ml  of  water  were  added  36  ml  of  0.2  N  NajCOs  solution  and  13.5  g  of  AgNOs  80  ml  of 
water.  The  resulting  silver  salt  was  filtered  off,  washed  with  water  and  alcohol,  dried,  finely  purlverized  and  then 
shaken  for  4  hours  at  20*  witli  115  ml  of  ethyl  iodide.  The  excess  of  ethyl  iodide  was  distilled  off,  the  residue 
extracted  with  ether  and  the  extract  washed  witli  NallCOs  solution,  dried  witli  soditim  sulfate  and  evaporated. 

Yield  of  ester  (XVlla)  14.8  g  b.  p.  91-92*  (0.03  mm),  n‘®D  1.4737. 

Semicarbazonc:  m.  p.  198-199*  (dccomp.)  (from  alcohol). 

Found ‘7o:  C  51.49;  118.05;  N  15.13.  Ci3H2304N3.  Calculated  C  54.72;  118.13;  N  14.73. 

7.  Lactonization  of  tlie  Isomeric  2-Etliynyl-  and  2-Acctyl-2-hydroxycyclohcxylacetic  Acids  (XVb)-(XVIllb). 
a)  Thermal  lactonization.  One  gram  of  cis-  or  irans-acid  (XVIIb)  or  (XVIllb)  was  heated  for  30  minutes  at  130* 
(0.07  mm).  Tlic  tians-acid  (XVIllb)  distilled  over  in  the  form  of  the  lactone  (yield  887<’),  while  the  cis-acid 
(XVIIb)  mainly  remained  unchanged  and  was  recovered  to  the  extent  of  OQflo  after  recrystallization  from  benzene, 

b)  Acidic  lactonization.  Tliis  was  effected  by  heating  at  100*  (followed  by  rapid  cooling)  of  0.5  mM  of 
acid  (XVIIb)  or  (XVIllb)  in  10  ml  of  0.1  N  H2SO4  or  of  0.5  niM  of  the  S-benzyltluuronium  salt  of  acid  (XVb) 
or  (XVIb)  in  15  ml  of  0.1  N  H2SO4.  The  degree  of  lactonization  was  determined  by  titration  of  the  solution  with 
0.1  N  Naon  in  presence  of  Bromthymol  blue  (see  Table  2). 

8.  Preparation  of  Cis-  and  Trans-9-decalol-l  ,3-diones  (XXII)  and  (XXIII).  a)  Addition  was  made  of 
4.56  g  of  cis-ester  (XVIIa)  to  44  ml  of  0.6  N  alcoholic  sodium  cUioxidc;  tlie  mixture  was  stood  for  15  hours  at 
20*  and  evaporated  in  vacuo.  Residues  of  alcohol  were  taken  off  with  benzene,  and  the  dry  sodium  salt  was  sus¬ 
pended  in  25  ml  of  ether  and  extracted  at  0"  with  20  ml  of  water.  The  solution  was  acidified  with  25  ml  of  1  N 
H2SO4  and  the  precipitated  cis-hydroxydiketone  (XXII)  filtered  off  and  washed  witlt  water.  Yield  3.46  g  (937o), 

fm 

m.  p.  181-182*  (decomp.)  (from  acetone),  261  mp  ,  log  c  4.15,  v  3466  cm"^. 

Found '7o:  C  65.97;  H  8.10.  C10H14O3.  Calculated  C  65.91;  H  7.74. 

Under  similar  conditions  tlie  same  hydroxydiketone  was  obtained  from  1.82  g  of  lactone  (XX)  and. 22  ml 
of  0.5  N  alcoholic  sodium  etlioxide.  Yield  8fr/o. 

b)  A  solution  of  3.64  g  of  lactone  (XXI)  in  55  ml  of  0.4  N  alcoholic  sodium  ethoxidc  was  kept  for  50  hours 
at  20"  and  worked  up  as  in  expt.  8a.  The  oil  tliat  separated  on  acidification  of  the  solution  of  tlie  sodium  salt 
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was  extracted  witli  ethyl  acetate,  and  tlie  extract  was  waslicd  with  water,  dried  witli  sodium  sulfate  and  evaporated. 
The  residue  was  triturated  with  ether  and  tlie  precipitated  trans-hydroxydiketone  (XXIII)  filtered  off.  Yield  2.18  g 

fm 

(GCiyo),  m.  p.  146-1 ‘17*^  (from  etliyl  acetate),  ^r„ax  ^  4.12,  3418  cm 

Found ‘7a;  C  65.60;  117.77.  CioHj^Oj.  Calculated ‘7o:  C  65.91;  H  7.74. 

9.  Acylation  of  Cis-  and  Trans- 9-decalol-l,3-dioncs  (XXII)  and  (XXIII)  with  Isocyanates,  -a)  To  a  stirred 
solution  of  2.04  g  of  die  sodium  salt  of  the  cis-hydroxydiketone  (XXII)*  in  40  ml  of  anliydrous  dimethylfotm- 
amlde  was  gradually  added  at  10-15*  1.49  g  of  plienylisocyanate.  The  mixture  was  heated  for  another  5  hours 
at  60*,  acidified  with  1  ml  of  glacial  acetic  acid  and  evaporated  in  vacuo.  The  resulting  viscous  mass  was  dis¬ 
solved  in  75  ml  of  ediyl  acetate  and  die  solution  was  washed  witli  water,  dried  with  sodium  sulfate  and  evaporated; 
tlie  dry  residue  was  extracted  witli  300  ml  of  boiling  heptane.  From  the  aqueous  wash  liquor  (by  acidification 
with  2  N  hydrochloric  acid)  and  from  the  heptane-insoluble  residue  (by  recrystallization  from  water)  was  ob¬ 
tained  0.R7  g  ( IB’/a)  of  original  hydroxydiketone  (XXII).  From  the  licptane  solution  was  isolated  1.39  g  {40%)  of 
the  anilide  of  cis-9-decalol-l,3-dionc-2-carboxyUc  acid  (XXlVa).  It  was  purified  by  dissolution  in  ethyl  acetate 
and  conversion  with  saturated  aqueous  copper  acetate  into  the  copper  salt;  yield  9-f/o,  decomp.  p.  283-286*  (in 

block),  3445  cm'*.  Decomposition  of  the  salt  witli  HjS  in  a  solution  of  glacial  AcOH  gave  the  cis-amide 

0”U  CCl  CCI 

(XXlVa).  m.  p.  152-153*  (from  alcohol).  270  Wfi  .  log  c  4.40.  v  3510  cm'*.  30C0  and  3185  cm'*. 

Found‘7o:  C  67.75;  H  6.48;  N  4.71.  C,7Hi904N.  Calculated C  67.76;  116.36;  N  4.65. 

b)  Under  the  conditions  of  expt.  9a  3.40  g  of  acetylisocyanate  in  3.5  ml  of  dimethylformamide  was 

added  to  a  solution  of  4.08  g  of  the  sodium  salt  of  the  cis-hydroxydiketone  (XXII)  in  70  ml  of  anhydrous  dimethyl- 
formamidc.  The  mixture  was  kept  for  1  hour  at  20*,  acidified  witli  2  ml  of  glacial  acetic  acid  and  evaporated 
in  vacuo.  The  residue  was  stirred  witli  20  ml  of  water,  acidified  witli  6  ml  of  2  N  HjSO^  and  extracted  with  etliyl 
acetate.  Tlie  extract  was  filtered,  washed  with  saturated  sodium  chloride  solution, dried  witli  sodium  sulfate  and 
evaporated.  Tlie  oily  residue  was  triturated  with  a  mixture  of  etlier  and  hexane  and  thereby  yielded  1.6  g  (SO’/o) 
of  tlie  N-acctylamide  of  cis-9-decalol-l,3-dionc-2-carboxylic  acid  (XXlVb).  This  was  purified  by  dissolution  in 
chloroform  and  converted  to  the  copper  salt  witli  saturated  aqueous  copper  acetate.  The  copper  salt  was  brought 
down  from  the  chloroform  solution  with  ether.  Yield  of  copper  salt  9cr/o,  decomp.  p.  206-210*  (block)  3446 

cm’**  Decomposition  of  the  salt  with  HjS  in  CIICI3  gave  the  N-acctylamide  (XXlVb)  with  m.  p.  116-117*  (from 

CCl  CCl 

CCI4),  X^ax  263  m/i  ,  log  e  4.18,  3516  cm'*,  3155  and  3183  cm'*. 

Found '7f;  C  58.53;  H  6.44;  N  5.22.  C13II17O5N.  Calculated  C  58.42;  H  6.41;  N  5.24. 

c)  Under  the  conditions  of  expt.  9b  0.82  g  of  the  sodium  salt  of  thetraas-hydroxydiketone(XXIII)  in  33  ml 
of  anhydrous  dimethylformamide  was  acylatcd  with  0.68  g  of  acetylisocyanate  in  3  ml  of  dimethylformamide. 
Yield  of  N-acctylamide  of  iians-9-decalohl,3-dione-2-carboxylic  acid  (XXVa)  (61‘’/a),  m.  p.  124-126*  (from 

CCI4),  X  269  mp  ,  log  c  4.17,  i/^^)^3468  and  3587  cm'*,  3137  and  3170  cm'*. 

II  Id  A  O-H  N~H 

Found ‘7o:  C  58.08;  H  6.72;  N  5.25.  CJ3U17O5N.  Calculated ‘7o:  C  58.42;  H  6.41;  N  5.24. 

f  m 

Copper  salt;  yield  937o,  decomp.  p.  233-235*  (block),  3363  cm’*. 

*  10.  Preparation  of  Amides  of  Cis-  and  Trans-9-decalol-l ,3-dione-2-carhoxylic  Acids  (XXIVc)  and  (XXVb). 

a)  A  solution  of  267  mg  of  die  N-acctylamide  (XXlVb)  in  10  ml  of  20%  methanolic  ammonia  was  kept  for  20 
hours  at  20*  and  then  evaporated  in  vacuo;  the  residue  was  crystallized  from  aqueous  alcohol  containing  carbon 
(OU-B  grade).  Yield  of  cis-amide  (XXIVc)  170  mg  (7S7o),  m.  p.  153-154*  (from  alcohol),  260  mp  ,  logc 

4.13,  3271,  3355  and  3473  cm'*. 

N-H 

Found®/®:  C  58.79;  H  6.99;  N  6.46.  CnHi504N.  Calculated  C  58.65;  116.71;  N  6.22. 

Copper  salt:  yield  907®;  decomp.  p.  277-279*  (block). 

•The  cis-hydroxydiketone  (XXII)  was  converted  to  the  sodium  salt  by  dissolution  in  tlte  minimtim  quantity  of 
anhydrous  alcohol  and  mixing  witli  the  equivalent  quantity  of  4  N  alcoholic  sodium  ethoxide;  Uic  resulting  cnolate 
was  brought  out  witli  dry  ctlicr.  The  sodium  salt  of  the  trans-hydroxydiketone  (XXIII)  was  similarly  prepared. 
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b)  Ammonolysis  of  267  mg  of  tlie  N-acetylamide  (XXVa)  was  effected  under  the  conditions  of  expt.  10a. 
Yield  146  mg  of  trans-amide  (XXVb)  witli  m.  p.  160-161*  (from  alcoliol),  X^iax  ^  4.09, 

3262,  3362  and  3488  cm'‘. 

Found  *70;  C  58.61;  H  6.95;  N  6.21.  C1JH15O5N.  Calculated  “l/o:  C  58.65;  H  6.71;  N  6.22. 

Copper  salt:  yield  9‘f7o,  decomp.  p.  275-277*  (block). 

SU  MMARY 

A  stereospecific  method  is  developed  for  synthesis  of  ring  A  of  dcsdimetliylaminotetracyclines  and  the 
amides  of  cis-  and  trans-9-decalol-l,3-dione-2-carboxylic  acids  are  synthesized. 
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TERTIARY  TRIMYDRIC  ALCOHOLS  OF  THE  ACETYLENIC 
SERIES  AND  THEIR  TRANSFORMATIONS 

XVI.  SYNTHESIS  OF  G-METHYL-2-(l-HYDROXYCYCLOPENTYL)- 
HEXEN-3-DIOL-2,5 

V.  I.  Nikitin  and  I.  M-  Timofeeva 

Institute  of  Chemtsuy,  Academy  of  Sciences  of  the  Tadzhik  SSR 

Translated  from  Zhurnal  Obslichci  Khimii,  Vol.  30,  No.  2,  pp.  557-560, 

February,  19G0 

Original  article  submitted  January  19,  1959 

We  showed  earlier  [1]  that  tertiary  triols  of  the  acetylenic  scries  are  easily  hydrated  over  platinum  and 
palladium  catalysts.  This  reaction  gives  nearly  theoretical  yields  of  triols  of  the  cthylcnic  scries  exclusively  In 
tlie  cis-foim.  The  latter  structure  is  inferred  from  the  facile  cyclization  of  tlie  ctliylcnic  triols  to  dihydropyra- 
nols  with  loss  of  water  [2]. 

We  failed,  however,  to  obtain  similar  results  of  syntlicsis  by  this  method  of  an  olefinic  triol—  5-methyl-2- 
(l-hydroxycyclopcntyl)-3-ltexcn-2,5-diol  (11)  -by  hydrogenation  of  5-mctl)yl-2-(l -hydroxycyclopcntyl)-3-hexyn- 
2,5-diol  (1)  over  platinum  or  palladium  catalyst.  In  both  cases  the  olefinic  triol  (II)  (cis-form)  was  formed  in 
yield  of  not  more  titan  G(J7<j.  In  the  reaction  over  platinum  the  remainder  of  the  liydrogenation  product  was  a 
liquid  which  was  also  an  olefinic  triol.  In  our  opinion  tltis  portion  is  a  mixture  of  the  els-  and  trans- forms  of 
the  olefinic  uiol. 


I  — *•  I 

C-OII  C-OH 

0113/^0113  0113/^0113 

cis-isomcr 

*  U)  (11) 

The  reaction  over  palladium,  on  the  other  hand,  yielded  [in  addition  to  olefinic  triol  (II)]  the  product  of 
Its  dehydration  -  2,2,5-trimethyl-6-spirocyclopcntane-5-hydroxypyran  (III). 


(1) 

(111) 
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Hydrogenaiion  of  2-iTietliyl-5-(l-hydroxycyclopcntyl)-3-hcxync-2,5-diol 
at  28*.  1)  With  0.006  g  of  platinum  oxide,  2)  with  0.008  g  of  palladium. 

This  product  (III)  is  also  obtained  by  tlie  action  of  lO^o  sulfuric  acid  on  tlte  cis-form  of  olefinic  triol  (II) 
by  tlie  mechanism  Uiat  we  previously  described  [2]. 

Under  the  influence  of  dilute  sulfuric  acid  all  our  previously  prepared  olefinic  triols  are  generally  dehydrated 
very  easily  and  smoothly  with  ring  closure  [2];  6-mcthyl-2-(l-hydroxycyclopcniyl)-3-hexcnc-2,5-diol  (II)  partly 
cyclizes  with  loss  of  a  molecule  of  water  even  on  prolonged  standing  with  a  solvent  in  the  absence  of  any  dehydrat¬ 
ing  agent.  That  the  process  of  dehydration  is  spontaneous  and  not  the  result  of  distillation  of  the  products  in  vacuo 
is  evident  from  die  results  obtained  during  hydrogenation  of  (I)  over  platinum  catalyst  in  a  second  experiment  when 
the  reaction  products  were  immediately  subjected  to  fractional  distillation  in  vacuo.  A  mixture  of  the  different 
forms  of  die  olefinic  triol  was  diereby  obtained  without  any  trace  of  substituted  dihydropyranol. 

Curves  of  hydrogenation  rates  of  5-mcthyl-2-(l-hydroxycyclopentyl)-3-hexync-2,5-diol  were  also  plotted 
in  experiments  over  platinum  and  palladium  catalysts.  Hydrogenation  was  effected  using  0.002  mole  of  the  triol 
and  a  quantity  of  platinum  oxide  corresponding  to  3  g  per  mole  of  triol,  or  palladium  (deposited  on  copper)  in 
the  proportion  of  -1  g  of  prepared  catalyst  to  one  mole  of  triol.*  Experiments  were  carried  out  in  an  ordinary  hydro¬ 
genation  flask  on  a  shaking  machine  at  a  presstire  of  C88.5  mm.  The  solvent  was  methanol  (10  ml)  distilled  over 
caustic  alkali.  Hydrogen  was  proportioned  from  a  100  ml  buret  (H2  54.5  ml,  2  Hj  109.0  ml). 

The  curves  of  rate  of  hydrogenation  of  5-mcthyl-2-(l-hydroxycyclopentyl)-3-hexyne-2,5-diol  over  platinum 
and  palladium  catalysts  arc  similar  to  our  previously  described  curves  of  rate  of  hydrogenation  of  triols  [1]. 

EX  PERIMENTAL 

Synthesis  of  5- Methyl -2-(l-hydroxycyclopcntyl)-3-hexcne-2,5-diol  (II).  The  starting  substance,  5-methyl- 
2-(l-hydroxycyclopentyl)-3-hcxyne-2,5-diol  (I),  was  prepared  by  condensation  of  1-acctylcyclopcntanol-l  with 
dimctliylethynylcarbinol;  it  had  the  constants:  m.  p.  68-69*,  b.  p.  150-151*  (3  mm),  in  agreement  with  the  litera¬ 
ture  [4]. 

Hydro^;c nation  of  (I)  in  Presence  of  Platinum  Catalyst.  Expt.  1.  Hydrogenation  of  15  g  of  5-methyl-2- 
(l-hydroxycyclopcntyl)-3-hcxyne-2,r)-diol  was  effected  over  0.1  g  of  platinum  oxide  in  70  ml  of  mctlianol  (17*, 
698.3  mm).  The  (jitatitity  of  hydrogen  calculated  for  double  bond  formation  (1832  ml)  was  absorbed  in  1  hour 
20  minutes;  the  reaction  was  then  stopped,  the  catalyst  was  filtered  off,  the  alcohol  was  distilled  off,  and  tlte  re¬ 
sidue  (10  g,  667f)  rccrystallizcd  several  times  from  a  tnixture  of  benzene  and  ligroine.  The  product  was  identi¬ 
fied  as  5-mctliyl-2-(l-hydroxycyclopcniyl)-3-hexcne-2,5-diol  (II). 

M.  p.  113-114.5*,  b.  p.  140-142*  (3  mm),  n*®D  1.4992. 

Found  “yo:  C  67.18;  H  10.36;  OH  24.5,  23.7.  CJ2H22O3.  Calculated ‘7o:  C  67.29;  H  10.28;  OH  24.03. 

From  tlie  remainitig  liquid  portion  of  hydrogenation  product  was  isolated  a  fraction  with  b.  p.  130-136* 

•  A  smaller  proportion  of  catalyst  had  to  be  taken  in  experiments  with  large  amounts  of  olefinic  triol  (see  Ex¬ 
perimental)  due  to  the  violence  of  the  reaction. 
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(3  mm)  in  qiiantity  of  4.0  g  (26.5%)  wliicli  crystallized  to  a  minute  extent  on  standing;  it  was  impossible  to  isolate 
any  crystals,  and  the  elemental  composition  was  determined  from  die  whole  fraction. 

round%;  C  67.39.  67.61;  H  10.31,  10.45;  OH  23.90.  CnHzzOj.  Calculated  %:  C  67.29;  H  10.28; 

OH  21.03. 

Expt.  2.  Hydrogenation  of  10.0  g  of  5-mct]iyl-2-(l-hydroxycylopcntyl)  -3-hexyne-2,5-diol  was  effected 
in  presence  of  0.1  g  of  platinum  oxide  in  60  ml  of  methanol  (14*,  693.2  mm).  The  quantity  of  hydrogen  calcu¬ 
lated  for  double  bond  formation  (1200  ml)  was  absorbed  in  45  minutes.  The  catalyst  was  filtered  off,  the  alcohol 
distilled  off,  and  the  product  distilled  in  vacuo  at  3  mm.  The  following  fractions  were  obtained:  1)  b.p.  to 
140*,  1.5  g,  a  liquid  that  did  not  crystallize  on  standing  and  corresponded  to  tlie  130-136’  fraction  that  we  collected 
In  the  first  experiment;  it  was  a  mixture  of  tlie  cis-  and  trans-forms  of  the  olcfinic  triol;  2)  b.  p.  140-142",  8  g 
(8(f7o),  crystallizing  on  standing  and  was  permeated  by  a  liquid  adhesive  mass.  This  fraction  had  m.  p.  70-100*. 

Found  %:  C  67.31;  H  10.14.  CjjHjzOa.  Calculated  %:  C  67.29;  H  10.28. 

The  elemental  composition  corresponds  to  the  olcfinic  triol,  and  so  this  fraction  is  likewise  a  mixture  of  the 
different  forms  of  the  same  olcfinic  triol. 

Hydrogenation  of  (1)  over  palladium  catalyst.  15  g  of  5-methyl-2-(l -hydroxycyclopcntyl)-3-hcxync-2,5- 
diol  was  hydrogenated  in  presence  of  0.1  g  of  palladium  on  copper  in770  ml  of  methanol  (18*,  697  ml).  The 
calculated  volume  of  hydrogen  for  double  bond  formation  (1830  ml)  was  taken  up  in  2  hours,  after  which  die  re¬ 
action  slowed  down  appreciably  and  was  stopped.  The  catalyst  was  filtered  off,  die  alcoliol  distilled  off,  and  the 
residue  rccrystallizcd  several  times  from  a  mixture  of  benzene  and  ligroine.  M.  p.  113-114.5*.  Yield  10  g 

(6(r^). 

This  substance  was  identical  with  the  cis-isonx:r  of  the  olcfinic  triol  (II)  (mixed  melting  test). 

From  die  residual  liquid  part  of  the  hydrogenation  product  was  isolated  2.5  g  (iTjo)  of  a  substance  with 
b.  p.  84-85*  (3  mm).  The  same  product  was  formed  when  die  triol  (II)  was  treated  with  dilute  sulfuric  acid  [2]; 

It  is  the  previously  undescribed  2,2,5-trimcthyl-6-spirocyclopcntane-5-hydroxydihydropyran  (III). 

n*®D  1.4820,  d*®4  1.0029,  MRp  55.71.  CizHjoOjF.  Calculated  55.92. 

Found%:  C  73.51;  H  10.28;  0119.01.  C^HzoOz.  Calculated  %:  C  73.47;  H  10.20;  OH  8.67. 

Dehydration  of  the  Olcfinic  Triol  (11)  in  Absence  of  Dehydrating  Agents.  A  solution  in  benzene  —  ligroine 
mixture  was  prepared,  witli  heating,  from  43  g  of  5-mctliyl-2-(l-hydroxycyclopcntyl)-3-hcxcnc-2,5-dioI  (m.  p. 
113-114").  The  solution  was  stood  for  2,5  mondis.  After  removal  of  solvents,  the  residue  was  fractionated  in 
vacuo  (8  mm):  1st  fraction  80-84*,  17.4  g,  n^^D  1.4820,  corresponding  to  the  product  of  dcliydration  —  dichydrox- 
ydihydropyran  (III)  -  isolated  as  secondary  product  during  hydrogenation  of  (I)  over  palladium  catalyst;  2nd 
fraction  135-140",  23.2  g,  m.  p.  113-114"  after  recrystallization  from  benzene;  no  depression  in  admixture  with 
the  starting  substance  (II). 


SU  MMARY 

1.  Hydrogenation  of  the  tertiary  acetylenic  triol  5-mediyl-2-(l -hydroxycyclopcntyl)-3-hcxyne-2,5-diol 
over  platinum  catalyst  leads  to  the  corresponding  triol  of  the  olcfinic  series  —  5-methyl-2-(l*fiydroxycyclopcntyl)- 
3-hcxcnc-2,5-diol;  from  the  latter  product  could  be  isolated  only  about  6(?/o  of  the  cis- form;  the  remainder  was 
a  mixture  of  cis-  and  trans-forms  which  could  not  be  resolved. 

2.  Hydrogenation  over  palladium  catalyst  is  accompanied  by  partial  dehydration  of  the  resulting  olcfinic 
triol  with  ring  closure  to  2,2,5-trimethyl-6-spirocyclopcntane-5-hydroxydihydropyran.  The  trans-form  of  the  sub¬ 
stance  was  not  detected. 

3.  The  cis-form  of  5-methyl-2-(l-hydroxycyclopentyl)-3-hcxene-2,5-diol  spontaneously  undergoes  partial 
dehydration  on  prolonged  standing  in  a  solvent  witli  ring  closure  to  2,2,5-trimcthyl-6-trimctliyl-6-spirocyclo- 
pentanc-5-hydroxydihydropyran. 
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Tertiary  olcfinic  iriols  [1],  which  we  prepared  by  hydrogenation  of  the  correspondli^  acetylenic  triols,  arc 
easily  dehydrated  by  lO^o  sulfuric  acid  and  cyclized  to  substituted  diliydropyranols  [2].  The  latter  are  hydrated 
over  platinum  catalyst  to  form  substituted  tctrahydropyranols. 

In  tlic  present  work  the  following  olcfinic  triols  were  subjected  to  the  dehydration  reaction:  2,3,6-trimetliyl- 
4-octene-2,3,6-trlol  (I);  3,4,7-trimet!iyl-5-noncne-3/l,7-triol  (IV);  5-rnetliyl-2-(l-hydroxycyclopentyl)-3- 
licxcnc-2,5-diol  (VII);  2,4-di-(l -hydroxycyclopcntyl)-3-butcn-2-ol  (X). 

The  reactions  gave  yields  of  62  to  BCfYo  of  the  substituted  diliydropyranols:  2,5,6,6-tctrametliyl-2-ethyl-5- 
hydroxydihydropyran  (II),  2,5,6-trimctl)yl-2,6-dietliyl-5-hydroxydIhydropyran  (V),  2,2,5-trImctliyl-6-spIrocyclo- 
pcntanc-5-hydroxydiliydropyran  (VIII)  and  5-metliyl-2,6-dispirocyclopcntanc-5-hydroxydiIiydropyran  (XI). 

These  compounds  were  hydrogenated  over  platinum  oxide  to  the  following  substituted  tctrahydropyranols: 
2,5,6,6-tetramcthyl-2-cthyl-5-hydroxytetrahydropyran  (III);  2,5,6-uimctbyl-2,6-dietliyl-5-hydroxytcirahydropyran 
(VI);  2,2,5- trimethyl- 6-spirocyclopcntanc-5-hydroxytctrahydrop>Tan  (IX);  5-mcthyl-2,6-dispIrocyclopentanc-5- 
hydroxytetiahydropyran  (XII). 


EXPERIMENTAL 


2,3,6-Trimctliyl-4-octenc-2,3,6-triol  (I). 

The  triol  was  prepared  by  hydrogenation  of  2,3,6-trImcthyl-4-octync-2,3,6-trioI  and  had  b.  p.  114-116* 

(2  mm),  n*°D  1.4757  [3]. 

Dehydration  of  2,3,6-trimetliyl-4-octcnc-2,3,6-triol.  A  round- bottomed  flask  was  charged  with  35  g  of 
triol  and  550  ml  of  10’,^  sulfuric  acid  was  run  in.  The  flask  was  shaken  for  about  an  hour  at  a  room  temperature 
of  28*.  The  triol  was  distributed  uniformly  over  the  whole  space  during  agitation.  During  the  reaction  the  color 
changed  to  crimson,  then  to  blue  and  then  to  violet.  A  fairly  pungent  odor  was  detected  toward  tlic  end  of  tlic 
reaction.  The  reaction  mixture  was  stood  for  24  hours.  The  oily  layer  was  collected  and  tlic  aqueous  portion  ex¬ 
tracted  witli  ether.  The  etlier  extract  was  added  to  the  oil  which  was  then  worked  up  with  sodium  carbonate  so¬ 
lution,  washed  witli  water  and  dried  witli  potassium  carbonate.  The  etlier  was  driven  off  and  the  residue  (26.5  g) 
distilled  to  give  19.8  g  (62.270)  of  tlic  previously  undcscribcd  2,5,6,6-tetramethyl-2-etliyldihydto-5-pyranol  (II). 

B.  p.  74-74.5*  (8  mm),  n^D  1.4765,  d*%  0.9431,  MRj^  53.10.  CnlljoOjF.  Calculated  53.49. 
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Transformations  of  Tertiary  Oleflnlc  Trloh 
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Found ‘7o:  C  71.41;  71.39;  H  10.96,  10.87;  OH  9.28.  CnHjoO,.  Calculated  ^o;  C  71.74;  H  10.87; 

OH  9.24. 

Part  of  the  starting  substance  (6.1  g)  was  recovered  (b.  p.  114-115*  at  2  mm). 

Hydropic  nation  of  2,5,6,6-Tetramctliyl-2-ethyldlhydro-5-pyranol  (II).  Hydrogenation  of  5.7  g  of  sub¬ 
stance  with  b.  p.  73-74“  (8  mm)  was  performed  over  0.08  g  of  platinum  oxide  in  70  ml  of  methanol.  After  45 
minutes, 830  ml  of  hydrogen  (27*,  684.3  mm)  had  been  absorbed  (the  volume  calculated  for  one  double  bond). 
The  reaction  then  practically  ceased.  Drying  witli  potassium  carbonate  and  distillation  in  vacuo  gave  5  g  (87.7%) 
of  the  previously  undcscrlbed  2,5,6,6-teuametliyl-2-ethyltetrahydro-5-pyranol  (III). 
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B.  p.  73-74*  (8  mm).  n”D  1.4537,  0.9392,  MRp  53.58;  calculated  53.95. 

Found'/o:  C  71.38,  71.34;  1111.40,  11.45;  OH  9.70,  9.48.  CnHjiO*.  Calculated ‘/o;  C  70.96;  H  11.82; 
OH  9.14. 

3,4,7-Trlmethyl-5-noncnc-3,4,7-trlol  (IV). 

The  tilol  was  prepared  by  hydrogenation  of  3,4,7-tximcthyl-5-nonyne-3,4,7-trioland  had  b.  p.  126-127*' 

(2  mm).  n“D  1.4790  [3]. 

Dehydration  of  3,4,7-trIniethylnoncnc-3,4,7-tilol.  Dehydration  of  30.5  g  of  the  trlol  was  effected  witli 
250  ml  of  lO'A’  sulfuric  acid.  1  he  mixture  was  shaken  for  an  hour  at  60-65*.  Toward  the  end  of  tlie  reaction 
a  green  oily  layer  separated.  The  product  was  worked  up  as  described  above.  Vacuum  distillation  of  the  crude 
product  (30  g)  gave  22  g  (IS.Ulo)  of  die  previously  undcscribed  2,5,6-trimediyl-2,6-dlcthyldlhydro-5-pyranol  (V). 

B.  p.  90-91*  (8  mm),  n”D  1.4604,  d*°4  0.9402,  57.75.  CijHjiOjF.  Calculated  58.11. 

Found'/o:  C  72.48;  H  11.35;  OH  8.33.  CizHjzOj.  Calculated  <70:  C  72.72;  H  11.22;  OH  8.58. 

Hydrogenation  of  2.5,6-Trlmct!iyl-2,5-dicthyldIhydro-5-pyranol.  Hydrogenation  of  12.75  g  of  the  substance 
was  effected  in  presence  ol  platinum  oxide  in  70  ml  of  metlianol  vdiich  had  been  distilled  over  caustic  alkali.  The 
volume  of  hydrogen  absorbed  after  1  hour  15  minutes  was  1.675  liters  (17*,  695  mm);  tills  was  tlic  amount  calcu¬ 
lated  for  one  double  bond.  Tlie  reaction  then  practically  ceased.  After  drying  v;ith  potassium  carbonate,  the  pro¬ 
ducts  were  distilled  in  vacuo  to  give  12  g  of  tlic  previously  undcscribed  2,5,6-trimcthyl-2,5-dictliyltctrahydro-5- 
pyranol  (VI). 

B.  p.  88-89*  (8  mm),  n”D  1.4514,  d*®4  0.9299;  MRj^  57.95;  calculated  58.58. 

Found'l/o;  C  71.88,  72.29;  11  12.01,12.01;  OH  8.27.  Ci2H2402.  Calculated ‘T’:  C  72.0;  H  12.0;  OH  8.5. 

5- Methyl -(1  -hydroxycyclopeniyl)-3-hcxcnc-2,5-diol  (Vll). 

The  trlol  was  prepared  by  hydrogenation  of  5-mcthyl-(Thydroxycyclopenty^3-hcxyne-2,5-diol  and  had 
m.  p.  113-114.5*  [3]. 

Dehydration  of  5-Mct!iyl-(l-hydroxycyclopcntyl)-3-hcxcnc-2,5-diol.  Dehydration  of  10  g  of  tlic  diol  was 
effected  witli  200  ml  of  KfJo  sulfuric  acid  under  the  conditions  of  the  first  two  experiments.  The  products  were 
worked  up  in  the  same  way  to  give  8  g  (83.770)  of  2,2,5-irimcthyl-6-spIrocyclopcnianedIhydro-5-pyranol  (VIII). 

B.  p.  98-99*  (8  mm).  n^“D  1.4818,  d^®4  1.0023,  Mlly  55.72.  CnlljoOjF.  Calculated  55.92. 

Found  C  73.14;  1110.23;  0118.76.  CijUjoGz.  Calculated  C  73.47;  1110.20;  OH  8.67. 

Hydrogenation  of  2,2,5-Trimcthyl-6-spirocyclopcntancdiliydro-5-pyranol.  Hydrogenation  of  8.4  g  of  the 
pyrariol  was  effected  in  presence  of  0.1  g  of  platinum  oxide  in  70  ml  of  methanol.  After  2  hours  15  minutes 
1.11  liters  of  hydrogen  (16*,  693.4  mm)  liad  been  absorbed  (tlic  amount  calculated  for  one  double  bond).  The 
reaction  tlicn  practically  came  to  a  standstill.  Drying  witli  potassium  carbonate  followed  by  distillation  in  vacuo 
gave  7.45  g  of  2,2,5-trimetliyl-6-spirocyclopcntanctetrahydropyranol-5  (IX). 

B.  p.  99-100*  (8  mm),  n”D  1.4750,  d^°4  0.9917,  MUp  56.21;  calculated  56.38. 

Found  C  73.22,  73.38;  H  11.11,  11.20;  OH  8.53.  CizIlzzOj.  Calculated ‘7o:  C  72.73;  H  11.22; 

OH  8.58. 

2,4-DI-(l-hydroxycyclopcntyl)-3-butcn-2-ol  (X). 

The  trlol  was  prepared  by  hydrogenation  of  2,4-dI-(l-hydroxycyclopcntyl)-3-butyn-2-ol  and  had  m.  p. 
129-130*' [3]. 

Dehydration  of  2,4-di-(l-hydroxycyclopcntyl)-3-buten-2-ol.  Dehydration  of  10  g  of  the  substance  was 
effected  witli  270  ml  of  10)o  sulfuric  acid  under  the  conditions  of  die  preceding  experiments.  The  product  was 
worked  up  in  tlic  same  way.  Yield  7  g  (75.a7o)  of  5-methyl-2,6-dispirocyclopentanediliydro-5-pyranol  (XI). 

B.  p.  126-126.5*  (8  mm),  n^D  1.5033,  d*®4  1.0467,  MRp  62.73.  C^HjiG^r-.  Calculated  62.95. 
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Found *70:  C  75.79;  H  9.90;  OH  8.05,  7.85.  C,4H„02.  Calculated  <70:  C  75.67;  H  9.91;  OH  7.65. 

Hydro:::enation  of  5-Mcth)i-2,6-dl$plrocyclopcntanedihydro-5-pyranol.  Hydrogenation  of  5.6  g  of  the  sub¬ 
stance  was  cflccicd  in  presence  of  0.08  g  of  platinum  oxide  in  60  ml  of  methanol.  The  volume  of  hydrogen  ab¬ 
sorbed  after  20  minutes  was  500  ml  (16.5*,  692.7  mm),  the  amount  calculated  for  one  double  bond.  The  product 
was  dried  witli  potassium  carbonate  and  distilled  in  vacuo  to  give  4.6  g  of  5-methyl-2,6-dispirocyclopentane- 
tctiahydto-5-pyranol  (XII). 

B.  p.  128-129*  (8  mm),  n*®D  1.4963,  d*^  1.0389,  MBp  63.02;  calculated  63.42. 

Pound  *70:  C  74.82;  H  10.72;  OH  7.90.  CuHt^O,.  Calculated  *70;  C  75.00;  H  10.64;  OH  7.58. 

SUMMARY 

•• 

1.  Four  representatives  of  the  tertiary  trihydric  alcohols  of  the  olefinlc  series  were  subjected  to  the  action 
of  107<>  sulfuric  acid. 

2.  Dehydration  of  these  triols  with  dilute  sulfuric  acid  is  found  to  give  products  analogous  to  the  substituted 
dihydropyranols  previously  described  by  us. 

3.  Substituted  dihydropyranols  undergo  hydrogenation  to  substituted  tetiahydropyranols  In  presence  of 
platinum  oxide. 
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Copper,  including  the  skeletal  form,  has  been  studied  as  a  catalyst  for  various  processes  [1-7]  including  hy 
drogenation  [1,  G,  7].  In  spite  of  tliis,  we  know  nothing  about  the  principles  of  its  selectivity  during  hydrogena¬ 
tion  of  different  chemical  bonds. 


% 


Yields  of  l-(a-furyl)-3-butanonc(l) 
and  l-(a-  furyl)-3-butanol  (2)  as  a  func¬ 
tion  of  the  temperature. 


With  the  objective  of  a  systematic  study  of  copper  alloy 
catalysts  we  prepared  an  alloy  containing  457(»  copper  and 
aluntinurn.  After  the  alloy  had  been  leached  with  sodium  hydrox¬ 
ide  solution,  a  nonpyrophoric  powder  was  obtained  with  the  com¬ 
position  SS-GO^Ti)  copper  and  42-40'7’o  aluminurh.  its  activity  was 
examined  in  tlie  20-150*  temperature  range,  during  hydrogena¬ 
tion  of  furfurylideneacetone  under  pressure  in  the  liquid  phase. 

The  liquid  phase  was  selected  because  it  contains  various  types 
of  bonds  [8]  and  because  the  products  are  amenable  to  study  dur¬ 
ing  stepwise  hydrogenation.  Since  hydrogenation  of  double  bonds 
in  a  ring  and  hydrogenolysis  usually  require  more  drastic  condi¬ 
tions,  reaction  in  the  above  temperature  range  can  be  expected  to 
give  two  main  products;  l-(a-furyl)-3-butanonc  and  l-(a-fuiyl)- 
3-butanol,  Results  of  a  large  number  of  experiments,  carried  out 
at  constant  temperature  at  10-20*  intervals,  are  plotted  in  the  di¬ 
agram.  In  all  cases  hydrogenation  proceeded  with  a  considerable 
excess  of  hydrogen  until  it  was  no  longer  absorbed. 


The  diagram  showed  that  at  30-40*  the  predominant  product  is  the  saturated  ketone  —  l-(a-furyl)-3-buta- 
none;  the  corresponding  alcohol  is  practically  absent.  Hydrogenation  comes  to  a  standstill  after  absorption  of  the 
quantity  of  hydrogen  needed  for  saturation  of  the  double  bond,  even  at  a  residual  pressure  of  80-100  atm.  Only  at 
temperatures  of  the  order  of  40-G0*  is  tliere  a  slight  lowering  of  the  saturated  ketone  yield  and  a  corresponding 
rise  of  the  alcohol  yield  -  tlie  maximum  yield  of  l-(a-furyl)-3-butanol  occurs  at  100-120*. 


These  experiments  with  furfurylideneacetone  accordingly  revealed  a  marked  selectivity  of  copper— aluminum 
alloy  catalyst  in  the  hydrogenation  of  the  olefinic  bond  in  a,6 -unsaturated  ketones.  At  30-40*  only  the  olefinic 
bond  is  hydrogenated,  tlie  carbonyl  group  and  the  furan  ring  remaining  intact. 
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Various  catalysts  have  been  used  for  preparation  of  saturated  ketones  from  a,6-unsaturatcd  ketones.  For 
example,  Z.  V,  Til'  [9]  proposed  hydrogenation  in  presence  of  Raney  nickel  at  room  temperature  witit  the  cal¬ 
culated  quantity  of  hydrogen.  Excess  of  hydrogen  under  these  conditions  leads  to  more  extensive  hydrogenation 
with  formation  of  the  corresponding  alcohols.  Similar  observations  were  made  when  various  ct,S -unsaturated 
ketones  were  hydrogenated  in  presence  of  other  catalysis,  and  the  ketone  yields  were  lowered. 

The  above  results,  obtained  by  hydrogenation  of  furfurylidencacetonc  over  copper— aluminum  catalyst, 
prompted  us  to  investigate  the  action  of  this  catalyst  during  hydrogenation  of  furanic  and  other  a, 6 -unsaturated 
ketones.  Experiments  were  performed  with  furfurylidcncmethylisobutyl  ketone,  furfurylidencacctophcnone,  benzyl- 
idencacctophenonc  and  bcnzylidcneacetone.  Entirely  satisfactory  yields  of  saturated  ketones  were  obtained  in  all 
cases.  For  example,  hydrogenation  of  bcnzylidencacetone  gave  benzylacetone  (perfume  quality) in  90%  yield; 
this  yield  is  much  higher  than  the  yields  resulting  from  use  of  other  catalysts  (nickel  ex  formate  [10]  gave  an  82% 
yield  of  benzylacetone). 

It  was  found,  moreover,  that  dienic  ketones,  notably  l-(a-furyl)-l,3-hexadien-5-one  and  l-(a-furyl)-7- 
methyl-l,3-octadicn-5-one  (I) 

n 

V  /-cn=ciicH=-.ciicocii,cii{cn,), 

(i) 

are  converted  to  the  corresponding  saturated  ketones  in  60-80%  yield  when  hydrogenated  under  the  above  condi¬ 
tions. 

We,  thus,  sec  that  copper- aluminum  alloy  catalyst  is  extremely  effective  in  the  hydrogenation  of  a, 0 -un¬ 
saturated  ketones,  including  dienic  ketones,  to  the  corresponding  saturated  ketones.  When  present  at  30-40*  the 
carbonyl  group  is  not  hydrogenated  even  by  a  considcrablcexcess  of  hydrogen.  In  some  experiments  the  hydro¬ 
genated  product  was  left  in  the  working  autoclave  for  24  hr  after  the  olefinic  bond  had  been  saturated,  and  no 
further  hydrogen  uptake  was  observed. 

EXPERIMENTAL 

Furfurylideneacetone,  furfurylidcncmethylisobutyl  ketone,  furfurylidencacctophcnone,  furylhexadicnone, 
bcnzylidcneacetone  and  benzyl idcneacetophcnone  were  synthesized  by  the  literature  methods  [9-14], 

Copper— Aluminum  Alloy  Catalyst.  An  alloy  of  45%  copper  and  55%  aluminum  was  reduced  to  a  particle 
size  of  0.25  mm  and  50  g  was  put  with  500  ml  of  3%  NaOll  solution  in  a  1-liter  beaker  cooled  with  iced  water. 

Tlie  mixture  was  stirred  intensively  until  violent  evolution  of  hydrogen  ceased  (the  temperature  should  not  ex¬ 
ceed  15*).  The  alkali  was  then  decanted  off  and  the  alloy  again  treated  witli  500  ml  of  3%  NaOll  solution.  This 
operation  was  again  twice  repeated.  The  leaclied  alloy  was  separated  and  washed  with  distilled  water  until  neutral 
to  litmus  (the  catalyst  being  covered  with  a  layer  of  water  during  the  work).  It  was  then  washed  with  ethyl  alcohol 
and  stored  under  alcohol.  The  resulting  catalyst  contained  58-60%  copper  and  40-42%  aluminum;  it  could  be  kept 
without  appreciable  loss  of  activity  for  1-2  months. 

Synthesis  of  l-(a-Furyl)-7-niethyl-1 ,3-octadien-5-one  (I).  Furylacrolein  (100  g)  and  methylisobutyl  ketone 
(120  g)  weredissolvcd  in  65%  alcoliol  (400  ml),  cooled  to  +  3—0";  to  the  mixture  was  slowly  added  (in  3  hr)  with 
intense  stirring  65  ml  of  35%  NaOll  solution  while  the  temperature  of  the  niLxturc  was  held  at  0  to  +3*.  Stirring 
was  continued  for  another  2  hr  (1  hr  with  cooling  and  1  hr  at  room  temperature).  The  mixture  was  neutralized 
with  30%  acetic  acid  (to  Congo),  1000  ml  water  was  added,  and  the  resulting  oil  was  separated.  The  latter  was 
washed  2-3  times  with  water.  The  aqueous  layer  was  treated  with  ether,  the  ethereal  extracts  were  added  to  the 
oil,  and  the  latter  was  dried  with  anhydrous  sodium  sulfate.  Ether  and  excess  of  methylisobutyl  ketone  were  dis¬ 
tilled  off  on  a  water  bath  at  slightly  reduced  pressure  and  the  residue  distilled  in  vacuo, 

B.p.  132-135"  (2  mm);  150-152*  (5  mm).  n^®D  1.6292,  d^^  1.0200,  MRq  69.62;  calculated  59.82. 

Found  %:  C  76.64,  76.44;  H  8.20,  8.10  .  M  199.2,  198.8.  CijlligOz.  Calculated  %:  C76.44;  H  7.90.  M  204.3. 

The  pale-yellow  oil  was  soluble  in  ether,  alcohol,  benzene  and  chloroform,  insoluble  in  water.  The  ketone 
does  not  form  a  semicarbazone;  it  does  not  contain  a  hydroxyl  group. 
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Literature  data:  1)  B.p.  94-96*  (15  mm),  1.4710,  1.0323;  2)  b.p.  93-95*  (2  mm),  n"D  1.47023,d”4  0.995  [15];  3)  b.p.  111-112*  (9  mm), 

1.4630,  d*®4  0.9706  [9];  4)  b.p.  161-163*  (8.5  mm),m.p.40*  [9];  5)  b.p.  115*  (13  mm)',  n*®D  1.511,  d^^  0.9849[16];  b.p.  72-73*  [16]. 


Hydrogenation  was  performed  at  30-40*  in  rotating  steel  autoclaves  with  a  capacity  of  0.15  to  0.25  liter; 
the  temperature  was  kept  constant  with  the  help  of  an  electronically  regulated  type  £PV-01  potentiometer.  Into 
the  autoclave  were  cliargcd  weighed  amounts  of  unsaturated  ketone,  anhydrous  alcohol  and  catalyst  (lO^oof  the 
ketone  weight).  The  autoclave  was  then  purged  with  liydrogcn  and  hydrogen  was  injected  at  100-120  atm  in 
quantity  2-3  times  greater  than  that  needed  for  hydrogenation  of  the  olefinic  bond. 

The  table  contains  data  for  hydrogenation  conditions  and  physical  properties  of  the  resulting  saturated  ke¬ 
tones. 

The  typical  hydrogenation  procedure  is  illustrated  below  for  the  synthesis  of  the  previously  undescribed 
l-(a-furyl)-7-mcthyl-5-octanone. 

Synthesis  of  l-(a-furyl)-7-metliyl-5-QCtanone.  Intoa0.2b-literautoclavewcrecharged  34  g  of  freshly  distilled 
l-(a-furyl)-7-metliyl-l ,3-octadiene-5-onc  (1)  in  50  ml  of  anhydrous  alcohol  and  3.4  g  of  catalyst.  After  a  hydrogen 
purge,  hydrogen  was  injected  at  a  pressure  of  100  atm.  Hydrogenation  was  completed  in  6  hr  after  2  moles  of  hydro¬ 
gen  per  mole  of  starting  substance  had  been  taken  up.  The  solvent  was  taken  off  and  the  product  distilled  in  vacuo. 

B.p.  101-103*  (2  mm),  n*®D  1.4680,  d“4  0.9570,  MR^  60.5;  calculated  60.75. 

Found  %:  C  74.62,  74.49;  H  9.71,  10.00;  M  214,  216.  C13H20O2.  Calculated  ^o:C  74.96;  H  9.68.  M  208.3 

A  colorless,  mobile  liquid  with  an  unpleasant  odor,  turning  yellow  in  the  air.  Yield  21  g  (60%).  Does  not 
contain  hydroxyl. 


SUMMARY 

1.  A  method  is  described  for  the  preparation  of  copper— aluminum  alloy  catalyst.  Examples  are  given  of 
the  value  of  this  catalyst  in  liquid-phase  hydrogenation  of  a,8 -unsaturated  (including  dienic)  ketones  to  die  cor¬ 
responding  saturated  ketones. 

2.  The  properties  of  two  previously  unknown  ketones  are  described;  l-(a-furyl)-7-methyl-5-octanone  and 
l-(a-furyl)-7-methyl-l,3-octadien-5-one. 
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\ 

The  sodium  atom  in  2-sodium-aminopyridine  can  be  easily  replaced  by  a  radical  on  reaction  with  alkyl 
halides.  The  sodium  derivative  is  an  intermediate  in  the  preparation  of  2-aminopyridine  by  the  method,  of  A.  E. 
Chichibabin  [1].  It  is  easily  formed  when  2-aminopytidine  reacts  with  sodium  amide  [2].  5-Bromo-  and  3,5- 
dibromo-2-aminopyridine  react  similarly  witli  sodium  amide. 

There  is  a  patent  on  the  synthesis  of  2-allylaminopyridine  [3]  but  the  product  is  not  characterized.  We  pre¬ 
pared  2-allylaminopyridinc  (1),  also  3-bromo-  and  3,5-dibromo-2-allylaminopyridines,  by  the  action  of  allyl 
chloride  on  the  respective  2-sodium-aminopyridincs  in  absolute  ether. 

QLniich2Cii=ch, 

(I) 

2-n-Propylamlnopyridincs  were  prepared  by  hydrogenation  of  2-allylamlnopyridincs  in  presence  of  skeletal 
nickel  at  room  temperature  and  atmospheric  pressure. 

EXPERIMENTAL 

Synthesis  of  2-Allylaminopyridtnc.  Into  a  flask  with  a  reflux  condenser  were  charged  7.8  g  of  sodium  amide 
powder,  150  ml  of  absolute  ether  and  (in  small  portions)  18.8  g  of  aminopyridinc.  The  mixture  was  boiled  for  an 
hour  on  a  water  bath.  Addition  was  then  made  of  31  g  of  allyl  chloride  and  boiling  was  continued  for  another  3 hr. 
The  ether  was  distilled  off  from  the  filtrate  and  the  residue  was  fractionated  in  a  12-platc  column. 

6.8  g  (61.2%)  of  colorless  oil  came  over  at  56-58*  (1  mm)  and  a  reflux  ratio  of  12. 

n”D  1.5676.  d^^^  1.0241,  MRj)  42.84;  calculated  42.62. 

Found  %:  N  20.51,  20,37.  M  135.1,  135.7.  CjMioNz.  Calculated  %:  N  20.88.  M  134.2 

Picrate:  m.p.  151-152*. 

5-Bromo-  and  3,5-dibromo-2-allylaminopyridines  were  similarly  synthesized.  Their  characteristics  are  set 
forth  in  Table  1. 

Hydrogenation  of  the  above  products  in  presence  of  skeletal  nickel  at  room  temperature  and  atmospheric 
pressure  gave  2-n-propylaminopyridinc,  5-bromo-2-n-propylaminopyridine  and  3,5-dibromo-2-n-propylamino- 
pyridine.  Their  characteristics  are  set  forth  in  Table  2. 
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Properties  of  Allylaminopyridines 


Colorless  oil,  purified  by  distillation  in  vacuum. 

*  Colorless  cyntals,  purified  by  recrystallization  firom  cold  gasoline. 


SUMMARY 


1.  Reaction  of  allyl  chloride  with  2-sodium-aminopyridine,  5-bromo-2-sodium-aminopyTidlne  and  3,5-di- 
bromo-2-arninopyridinc  gave  respectively  2-allylaminopyridine,  5"brorrio-2-aIlylpyridinc  and  3,5-dibromo-2- 
allylpyridinc. 

2.  Hydrogenation  of  the  allylaminopyridincs  gave  2-n-propylaminopyridine,  5-bromo-2-n-propylaminopy- 
rldinc  and  3,5-dibromo-2-n-propylaminopyridinc. 
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SYNTHESIS  OF  BENZIMIDAZOLE  DERIVATIVES  CONTAINING 
THE  BIS(0  -CHLOROETHYL)AMINO  GROUP 

II.  2-METHYL-5-BIS(6-CHLOROETHYL)AMINODENZIMIDAZOLE 
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2-MetIiyl-5-bis(3 -chloroethyI)aminobcnzimidazoIe  (I)  is  a  well-known  member  of  the  simpler  derivatives 
of  benzimidazole  in  which  the  bis(6  -chloroethyl)amino  group  is  directly  linked  to  the  benzene  ring.  This  com¬ 
pound  can  be  prepared  by  treatment  of  2-methyl-5-bis(fl -hydroxyethyl)aminobenzimidazole  (11)  with  thionyl  chlo¬ 
ride. 


ClCIIaCMjv 
CJCH2G113/  Y 


/Nil 


\ 


C-CH3 


(I) 


HOCIIaCHav 

HOCHjCHj/'  ^ 

\An^ 

(U) 

Imidazole  derivatives  are  known  to  be  formed  on  reduction  in  an  acid  medium  of  aromatic  nitro  compounds 
containing  an  acylamino  group  in  the  ortho  position  to  the  nitro  group  [1].  It  would  be  expected  that  reduction 
in  an  acid  medium  of  acyl  derivatives  of  o-aminoazo  dyes  would  likewise  give  imidazole  derivatives  and  not 
ortho-diamines.  Experiments  confirmed  the  correctness  of  this  assumption.  Thus,  for  example,  reduction  of  2- 
acetamino-4-amino-4'-sulfoazobenzene  with  stannous  chloride  in  a  hydrochloric  acid  medium  gave  2-methyl- 
5(6)-aminobenzimidazole.  This  behavior  prompted  us  to  utilize  an  azo  dye  of  the  type  of  (HI) 


NII-COCH3 


CIIzCHjOH 

CH2CH2OH 


(III) 


for  synthesis  of  compound  (II). 

We  decided  to  prepare  the  azo  dyes  with  a  bis(6 -hydroxyethyl)amino  group  needed  for  the  work  by  coupling 
suitable  diazo  compounds  with  m-acetamino-bis-(0 -hydroxycthyl)aniline.  It  sliould  be  noted  that  although  azo 
dyes  of  this  type  are  described  in  patents  [2,  3],  the  data  for  the  preparation  and  properties  of  m-acetamino-bis(8 - 
hydroxyethyl)aniline  are  inadequate. 


m- Acetamino-bis(fl -hydroxyethyl)aniline  was  prepared  by  interaction  of  m-acetarninoaniline  with  ethylene 
oxide.  Dyes  (IV)  and  (V)  were  then  synthesized  by  coupling  of  phcnyldiazonium  and  m-nitrophenyldiazonium 
with  m-acetamino-bis-(5  -hydroxyethyl)aniline. 
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N 


/ 


\ _ 


NUCOCMa 


(IV) 


CH2CM2OH 

CH2CH2OH 


- -  XH2CH2OH 

-n=n-<;  >-nc 

I  \ /  \cn2Cn20n 

NO2  NMCOCII-, 

(V) 


Reduction  of  botli  dyes  witli  stannous  cliloridc  in  a  hydrochloric  acid  medium  gave  2-methyl-5(G)-bis(0-hy 
droxyctliyl)aminobcnzimidazole,  which  was  isolated  as  the  picratc  and  hydrochloride.  Treatment  of  the  latter 
wiilt  thionyl  chloride  gave  the  hydrochloride  of  2-mcthyl-5(6)-bis(fl -chloroethyl)-aminobenzimidazolc. 


EXPERIMENTAL 

m- Acctamino-his(t3  -hydroxyetltyl)anilinc.  *  To  a  solution  of  10  g  of  the  hydrochloride  of  N-acctyl-m- 
phenylenediatiiine  in  40  ml  of  water  was  added  2.84  g  of  sodium  carbonate,  and  the  solution  was  then  saturated 
for  2  hr  at  20*  with  ethylene  oxide  Y^pof.  A  total  of  12  ml  of  liquid  etliylene  oxide  was  taken  for  the  reaction. 
Witliiu  30  min  after  passage  of  ethylene  oxide  had  ceased,  the  slightly  colored  solution  was  boiled  in  presence 
of  animal  charcoal,  filtered,  and  cooled  to  0*.  A  precipitate  soon  came  down  and  was  filtered  and  dried.  There 
was  obtained  8.5  g  of  substance  with  m.p.  114-115*.  M.p.  116*  (from  water).  , 

1- ound  <70:  C  60.55,  60.95;  H  7.75,  7.71;  N  12.34.  CijHigOaNj.  Calculated  C  60.48;  H  7.62;  N  11.76 

Dihydrocliloride  of  m-amino-his(fl -hydroxyetliyl)anilinc.  A  solution  of  5  g  of  m-acctamino-bis(0 -hydroxy- 
cthyl)aniline  in  50  ml  of  lO^o  liydtochloric  acid  was  refluxed  in  a  flask  for  4  hours.  The  hydrochloric  acid  solu¬ 
tion  was  tlic  evaporated  in  vacuo  on  a  water  bath.  The  residue  was  stirred  with  a  little  alcohol,  and  the  crystalline 
precipitate  filtered  and  dried  to  give  5.1  g  of  substance  with  m.p.  165-167*. 

Pound  C  44.17;  116.67;  N  11.0;  HCl  27.10.  CioHi602N2:2HCl.  Calculated 0/0:  C 44.61;  H6.74;  N  10.41; 

JfCl  27.09. 

2-Acctamino-4-bis(fl  -hydroxyetliyl)aminobcnzene.  Prepared  by  coupling  m-acetamino-bis(0 -hydroxy- 
ethyl)anilinc  with  plienyldiazonium  in  acetic  acid  solution.  The  dye  was  dried  in  vacuo  and  crystallized  from 
alcohol. 

Found  ojo'.  N  16.33,  16.39.  C,8H2203N4.  Calculated  N  16.37. 

2- Acetamino-4-bis(0  -hydroxyethyl)amino-3*-nitroazobenzene.  Prepared  by  coupling  m-acetamino-bis(8  - 
hydroxycthyl)aniline  witli  m-nitrophenyldiazonium  in  acetic  acid  solution.  Crystallizes  from  aqueous  alcohol. 

Found  ojo:  C  55.93;  H  5.00;  N  18.12.  C18H21O5N5.  Calculated  C  55.81;  H  5.46;  N  18.08 

2-Mcthyl-5(6)-hi5(0  -hydroxyetliyl)aminobcnzimidazolc-  picrate.  a)  A  mixture  of  5  g  of  2-acetamino-4- 
bis(B -hydroxyethyl>:umnoazobcnzcne ,  2  ml  of  acetic  acid  and  12.5  gof  stannous  chloride  dissolved  in  40  ml  of 
concentrated  hydrochloric  acid  was  refluxed.  The  dye  went  into  solution.  The  solution  bceamc  orange-brown 
1.5  hr  after  the  start  of  die  reaction  and  heating  was  then  discontinued.  The  solution  was  kept  at  room  temper¬ 
ature  for  18  hr.  During  this  period  2.32  g  of  aniline  hydrochloride  came  down  and  was  filtered  off.  To  the  filtrate 
was  added  four  times  the  volume  of  water  and  the  solution  was  electrolyzed  for  deposition  of  the  tin.  The  solution 
was  thereupon  clarified  in  the  cold  with  active  carbon  and  evaporated  to  dryness  in  vacuo.  A  vitreous  resin  was 
obtained  wliich  did  not  harden.  This  mass  was  dissolved  in  50  ml  of  alcohol  and  8  g  of  picric  acid  in  30  ml  of 
benzene  was  added.  The  solution  was  boiled  for  15  minutes,  treated  witli  active  carbon,  filtered,  and  allowed  to 
stand.  In  course  of  cooling  the  dipicratc  came  down;  m.p.  183-187*;  yield  4.5  g(49.5'fo). 

Found  M  697  (potcntiometric  titration).  Ci2Hi702N3*  2C6H3O7N3.  Calculated  M  693. 

Three  crystallizations  of  the  dipicratc  from  alcohol  gave  the  monopicrate  with  m.p.  225-227*. 

Found  C  47.19;  H  4.14;  N  18.08.M  461  (potcntiomentric  titration).  Cj2ni702N3* C6M3O7N3.  Calculated <7o: 
C  46.55;  H4.a4;  N  18.09.M464 


•  N.  A.  Petukhova  collaborated  in  the  preparation  of  m-acctamino-bis(0 -hydroxycthyl)aniIine  and  of  the  dihydro- 
chloridc  of  m-amino-bis(6 -hydroxycthyl)aniline. 
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b)  Mixing  of  6  g  of  2-acctylamino-4-bis(3  -hydroxycihyl)amino-3'”nitroazobcnzene  with  a  solution  of  20g 
of  stannous  chloride  in  70  nil  of  concentrated  hydrochloric  acid  led  after  30  min  to  complete  disappearance  of  the 
dye  and  to  formation  of  a  white  precipitate  of  the  tin  complex  of  m-phcnylenediamine.  After  cooling,  the  preci¬ 
pitate  was  filtered  and  3  ml  of  98<7o  acetic  acid  added  to  the  filtrate.  The  latter  was  then  refluxed  in  a  flask  for 
1.5  hr.  The  following  day  a  further  small  quantity  of  white  precipitate  was  filtered  off.  The  total  weight  of  tin 
complex  of  m-phenylenediamine  was  5.4  g.  After  the  tin  had  been  removed  from  the  filtrate  by  electrolysis,  the 
solution  was  evaporated  to  dryness  in  vacuo.  The  residue  was  dissolved  in  60  ml  of  alcohol  with  heating  and  a 
hot  solution  of  10  g  of  picric  acid  in  30  ml  of  benzene  was  run  in.  From  the  cooled  benzene  — alcoholic  solution 
crystallized  5.2  g  (48.5%  of  2-methyl-5(6)-bis(6-hydroxyctliyl)aminobenzimidazoledipicratcwithm.p.l83-187*. 

2-Mcllivl-5(r>)-bis(/3  -hydroxyctliyl)aminohenzlmidazolc  Dihydrochloride.  7.8  g  of  dipicratc  (m.p.  183-187*) 
was  triturated  wiiii  10  ml  ot  concentrated  hydrochloric  acid  (d  1.18),  an  additional  20  ml  of  hydrochloric  acid  was 
then  added  and  the  mixture  stirred.  Picric  acid  was  filtered  off  and  washed  with  hydrochloric  acid.  The  filtrate, 
was  thoroughly  washed  with  double  the  volume  of  water,  treated  at  room  temperature  with  active  carbon  and 
evaporated  to  dryness  in  vacuo.  The  resulting  vitreous,  resinous  mass  was  treated  with  alcohol— benzene  to  give 
dipicratc  with  m.p.  186-187*.  Decomposition  of  the  latter  with  concentrated  hydrochloric  acid  gave  a  fresh  crop 
of  resin  which  was  converted  to  powder  after  trituration  with  acetone.  The  latter  was  the  dihydrochloride  of  2- 
mcthyl-5(6)-bis{3 -hydroxyethyl)aminobcnzimidazole.  From  7.8  g  of  dipicrate  with  m.p.  183-187*  was  obtained 
3  g  of  dihydrochloride. 

Found  %:  C  46.33;  H  6.15;  N  13.51.  C,2Hi702N3* 2HCI.  Calculated  %:  C  46.75;  H  6.21;  N  13.63. 

2- Methyl -5(6)-bis  (fl  -chloroethyl)amin()benzimidazole.  For  a  period  of  150  hr  2.0  g  of  2-methyl-5(6)-bis(6- 
hydroxye.ttiyl)aminobenzimidazole  was  shaken  in  a  mixture  of  7  ml  of  thionyl  chloride  and  40  ml  of  chloroform. 
The  mixture  of  thionyl  chloride  and  chloroform  was  distilled  off  in  vacuo  to  leave  a  white  residue  of  2-mothyl- 
5(6)-bis(ll  -clilorocthyl)aminobcnzimidazole  dihydrochloride. 

Found  %:  C  41.97;  H  4.80;  N  12.52,  12.39;  Cl  39.64;  HCl  21.10.  CigH^gNjClz.  •  2HC1.  Calculated  %; 

C  41.74;  H4.97;  N  12.18;  Cl  41.12;  HCl  21.13. 

2- Acetamino-4-amino-4*-sulfoazobcnzene.  Prepared  by  coupling  of  N-acetyl-m-phenylencdiamine  with 
diazotized  sulfanilic  acid. 

Found  %:C  50.50;  H  4.80;  N  16.74.  C14H14O4N4.  Calculated  %:  C  50.29;  H  4.22;  N  16.75. 

2- Methyl -5(6)-aminobenziniidazolc.  A  mixture  of  4  g  of  2-acetamino-4-amino-4'-sulfoazobenzcne,  10  g 
of  stannous  chloride  (dissolved  in  32  ml  of  concentrated  hydrocliloric  acid)  and  1  ml  of  acetic  acid  was  refluxed 
for  1.5  hr  in  a  flask  provided  witli  a  stirrer.  A  colorless  transparent  solution  was  formed.  On  cooling,  the  solution 
deposited  3.8  g  of  tin  complex  which  was  filtered  off.  The  tin  complex  was  dissolved  in  water  and  tlie  tin  preci¬ 
pitated  by  electrolysis  of  tlic  solution.  After  the  whole  of  the  tin  had  been  removed  from  solution,  tlte  latter  was 
evaporated  to  dryness  in  vacuo  to  give  2.55  g  of  2-mctliyl-5(6)-aminobenzimidazole  dihydrochloride,  already 
described  in  the  literature  [4]. 


SUMMARY 

Compounds  of  the  imidazole  series  are  obtained  by  reduction  of  derivatives  of  ortho-aminoazo  dyes  in  a 
hydrochloric  acid  medium.  This  method  can  be  used  in  particular  for  preparation  of  2-mcthyl-5(6)  -bis(6 -hydroxy' 
ethyl)aminobcnzimidazole  which  on  treatment  witli  thionyl  chloride  is  convened  to  2-mctliyl-5(6)-bis(fl  -chloro- 
ethyl)aminobenzimidazole. 
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THE  SYNTHESIS  OF  ANALOGS  OF  STEROID  HORMONES 

IX.  CYCLIZATION  OF  ANTI-TRANS-,  ANTI-CIS-,  AND 
SYN-CIS-3-((J-ANISYL)-l-METHOXYCYCLOPENTANE-2- ACETIC  ACIDS 
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Translated  from  Zliurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  574-578, 
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Original  article  submitted  November  28,  1958 


With  the  objective  of  obtaining  tricyclic  compounds  of  the  type  of  (HI)  with  an  oxygen-containing  substitu¬ 
ent  in  tlic  fivc-membered  ring  ,  we  studied  the cyclization  of  anti-trans-,  anti-cis-  and  syn-cis-3-(p-anisyl)-l- 
methoxycyclopentanc-l -acetic  acids.  Cyclization  was  performed  by  three  methods:  by  Friedel-Crafts  reaction, 
by  the  action  of  hydrogen  fluoride,  and  by  the  action  of  polyphosphoric  acid. 

Friedel-Crafts  cyclization  of  the  anti-trans-methoxy  acid  (I)  gave  15-20^oof  a  neutral  product  in  tlie  form 
of  a  mobile  oil  whose  ultraviolet  spectrum  has  an  absorption  maximum  at  255  mp  which  is  characteristic  of  con¬ 
jugation  of  the  carbonyl  group  with  the  aromatic  ring.  Chromatography  of  this  oil  on  alumina  led  to  isolation  of 
two  crystalline  substances:  one  with  m.p.  116-116.5*  in  the  form  of  needles,  and  the  other  with  m.p.  82-83*  in  the 
form  of  prisms.  The  second  substance  proved  to  be  the  normal  product  of  cyclization  —  the  tricyclic  methoxy- 
ketoiie  (III).  Its  yield  was  5,3%.  The  substance  melting  at  116-116.5*  is  the  chloroketone  (IV)  which  was  formed 
by  replacement  of  the  methoxyl  group  by  chlorine  during  cyclization.  Its  yield  was  7.9<7o.  The  main  product  of 
the  reaction  as  a  result  of  cyclization  of  the  anti-tratis-mcihoxy  acid  (1)  was  the  lactone  of  the  aiiti-cis-mcthoxy 
acid  (V)  in  15-82%  yield.  No  appreciable  increase  in  yield  of  the  tricyclic  ketotics  (III)  and  (IV)  resulted  from 
changes  in  the  cyclization  cotiditions  —  formation  of  the  acid  chloride  (II)  by  treatment  of  acid  (I)  with  tliionyl 
chloride,  oxalyl  chloride  and  phosphorus  pentachloride,  and  performance  of  cyclization  with  stannic  chloride  in 
benzene,  dichloroethanc  and  carbon  disulfide  for  15,  20,  30,  and  60  minutes  at  room  temperature  or  with  cooling. 
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rormation  of  the  lactone  of  anti-cis-hydroxy  acid  (V)  from  the  acid  chloride  of  tlic  anti-trans-hydroxy 
acid  (II)  under  the  action  of  stannic  chloride,  resulting  from  cleavage  of  the  metlioxy  group  and  Walden  inversion, 
is  somewhat  unexpected. 


Although  the  cleavage  of  ethers  by  acid  chlorides  in  presence  of  Lewis  acids  has  been  described,  it  has  also 
been  reported  fl  ]  that  the  acid  chlorides  of  trans-3-  and  4-mcthoxycyclohexanccarboxylic  acids  do  not  undergo 
intramolecular  rearrangement.  On  the  other  hand,  the  cis-isomers  of  these  acids  easily  rearrange  witli  formation 
of  the  mctliyl  ester  of  trans-3-chlorocyclohexanecarboxylic  acid,  the  methyl  ester  of  3-cyclohexenecarbo.xyllc 
acid  and  the  lactone  of  cis-3-hydroxycyclohcxanecarboxylic  acid.  The  authors  explain  these  reactions  as  the  re¬ 
sult  of  formation  of  an  intermediate  bicyclic  oxonium  compound  whose  stabilization  can  proceed  in  three  direc¬ 
tions.  In  the  case  of  trans-3-  and  4-mcthoxycyclohcxanecarboxylic  acids,  the  formation  of  an  oxonium  compound 
is  impossible. 


In  the  anti-trans-methoxy  acid  (I)  the  carboxymcthylcne  and  methoxyl  groups  have  a  trans-structure,  buf 
formation  of  the  intermediate  ttans-bicyclic  oxonium  salt  (XII)  is  possible  although  the  latter  is  a  highly  strained 
compound  [2].  formation  of  a  small  quantity  of  the  normal  product  of  cyclization  (III)  is  a  consequence  of  the 
condition  of  strain  of  the  trans-oxonium  salt  (XII),  stabilization  of  which  leads  to  the  chloroketone  (IV)  and  the 
lactone  (V). 


Spatially  the  chlorine  in  compound  (IV)  is  opposite  the  methoxy  group  since  it  is  known  [1, 3]  that  the  cleav¬ 
age  of  ctliers  by  acid  chlorides  is  stcreospecific  and  is  always  accompanied  by  rotation  of  the  configuration. 

The  chlorine  in  compound  (V)  is  inert.  The  halogen  is  not  replaced  when  chloroketone  (IV)  is  boiled  with 
silver  acetate  in  acetic  acid,  when  it  is  lieated  with  potassium  acetate  in  dimethylformamide,  when  it  is  boiled 
with  sodium  iodide  in.  acetone,  when  it  is  boiled  with  magnesium  iodide  in  ether  [4]  and  when  it  is  heated  with 
1%  sodium  hydroxide  solution  in  a  sealed  tube. 

The  inertness  of  the  chlorine  in  compound  (IV)  is  additional  proof  of  its  proposed  configuration  as  an  analog 
of  the  17-o-isomcrs  of  steroid  compounds  whose  low  reactivity  is  attributed  to  screening  of  this  substituent  by  the 
methylene  group  in  position  12. 

During  Fricdel— Crafts  cyclization  of  the  anti-cis-methoxy  acid  (VI)  the  intermediate  cyclic  oxonium  salt 
(XIII)  has  the  configuration  of  cis-bicyclooctanc  which  is  substantially  strain- free  [2].  In  this  case,  the  sole  prod¬ 
uct  was  the  lactone  (V). 

Heating  of  the  anti-trans-methoxy  acid  (I)  with  polyphosphoric  acid  at  70-80*  (at  this  temperature  cycliza¬ 
tion  of  acids  free  of  an  oxygenated  substituent  occurs  at  the  Cj)  [5]  did  not  result  in  cyclization.  When  the  reac¬ 
tion  was  performed  at  a  higlicr  temperature  (100-110*)  the  sole  product  was  lactone  (V). 

Cyclization  of  the  anti-trans-methoxy  acid  (I)  uttder  tlic  action  of  hydrogen  fluoride  also  led  to  formation 
of  the  lactone  of  the  anti-cis-hydroxy  acid  (V);  this  was  accompanied  by  detachment  of  the  methoxyl  group  and 
Walden  inversion.  This  behavior  of  an  etlier  in  hydrogen  fluoride  is  unexpected  since  it  is  known  [6]  that  all  ali¬ 
phatic  and  aromatic  ethers  previously  studied  do  not  cleave  under  the  action  of  hydrogen  fluoride  (after  prolonged 
boiling).  Cyclization  of  acids  under  tlic  action  of  hydrogen  fluoride  takes  place  at  room  temperature  in  2  hr. 
Evidently,  in  the  case  of  compound  (I)  the  presence  of  the  carboxyl  group  in  the  y -position  changes  the  stability 
of  the  methoxyl  group  in  hydrogen  fluoride.  The  following  mechanism  may  be  pictured  for  this  reaction. 


U 
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Formation  of  an  oxonium  salt  on  reaction  of  an  ether  with  hydrogen  fluoride  intensifies  the  polarization  of 
the  C— O  bond  and  facilitates  the  action  of  tltc  carboxyl  ion  from  the  opposite  side.  This  results  in  inversion  of 
the  configuration  at  the  carbon  linked  to  the  methoxyl  group. 

In  contrast  to  the  cyclization  of  the  anti-trans-methoxy  acid  (I),  cyclization  of  the  anti-cis-  (VI)  as  well 
as  the  syn-cis-methoxy  acid  (VllI)  under  the  action  of  hydrogen  fluoride  led  to  formation  of  tlie  unsaturated  ester 
(IX).  L'vidently,  in  tJiis  case  the  cis-position  of  the  methoxyl  group  in  relation  to  the  carboxyl  creates  sieric  hin¬ 
drances  to  tlic  blmolecular  substitution  reaction  which  occurs  during  cyclization  of  the  anti-trans-acid  (I).  For¬ 
mation  of  the  unsaturated  ester  (IX)  is  represented  as  proceeding  via  the  step  of  formation  of  the  oxonium  salt 

(xni). 

Saponification  of  the  unsaturated  ester  (IX)  gave  us  the  unsaiuratcd  acid  (X)  which  we  had  previously  pre¬ 
pared  [7]. 


EXPERIMENTAL 

Cyclization  of  Anti  -trans-3-(p-methoxyphctiyl)-I-mcthoxycyclopcntanc-2-acctic  Acid  (I)  [8],  a)  Friedel  — 
Crafts  Method.  Ixir  preparation  of  acid  chloride  (ll),  a  solution  of  2  g  of  acid  (I)  in  10  ml  of  thionyl  chloride  was 
kept  for  40  min  at  room  tetnperature,  after  v/hich  the  excess  of  tiiionyl  chloride  was  taken  off  in  vacuo  at  30*. 
Traces  of  thionyl  chloride  were  eliminated  by  distillation  with  5  ml  of  dry  bctizene  in  vacuo.  The  resulting  acid 
chloride  (II)  was  dissolved  in  10  ml  of  dry  benzene.  Into  tlie  cooled  solution  was  stirred  dropwisc  2.5  ml  of  stannic 
chloride  in  5  ml  of  dry  benzene.  Tlie  reaction  ma^s  was  stirred  for  20  min  and  then  decomposed  witli  ice  and  a 
5'fo  solution  of  hydrochloric  acid.  The  benzene  layer  was  separated,  and  the  aqueous  layer  extracted  with  ether. 
The  benzene— ether  extract  was  washed  with  water,  with  5'7o  sodium  carbonate  solution  and  again  with  water. 

After  the  solvent  had  been  distilled  off,  there  was  obtained  1.97  g  of  dark-red  oil,  which  was  heated  for  10  min 
with  25  ml  of  2.5%  potassium  hydroxide  solution  in  methanol.  The  methanol  was  taken  off  in  vacuo  and  the  re¬ 
sidue  dissolved  in  water  atid  extracted  v/ith  ether.  The  ethereal  extract  was  washed  and  dried.  Acidification  of 
tlie  aqueous  solution  gave  1.45  g  (82.5%)  of  the  lactone  of  the  anti-cis-hydroxy  acid  (V). 

Distillation  of  the  ether  left  0.45  g  of  neutral  fraction  in  the  form  of  a  crystallizing  oil  which  was  chromato¬ 
graphed  on  14  g  of  alumina.  A  mixture  of  gasoline  and  benzene  (2: 1)  eluted  0.15  g  (7.9'7o)  of  syn-trans-3’-chIoro- 
4-keto-6-mcthoxy-l,2(l',2’)-cyclopetitano-l,2,3,4-tetrahydronaphthalene  in  the  form  of  needles  with  m.p.  116  to 
116.5*  (from  a  mixture  of  ether  and  gasoline). 

Xmax  324  mp,  logc  4.0,  3.5  (in  alcohol). 

Found  %:  C  67.13;  11  6.04;  Cl  13.01.  Ci4ni502Cl.  Calculated  %:C  67.06;  H  6.03;  Cl  14.10. 

Semicarbazonc:  m.p.  202-204*. 

Found  %:C  58.78;  H  5.99;  N  13.18;  Cl  12.01.  CisHigOzNjCl.  Calculated  %:C  58.53;  H  5.90;  N  13.68; 

Cl  11.52. 

With  the  help  of  a  1 : 1  benzine— benzene  mixture, 0.1  g  (5.3%)  of  anti-trans-4-kcto-3’,  6-dimcthoxy- 
l,2(l’,2’)-cyclopentatie-l,2,3,4-tetrahydronapliihalenc  was  eluted  in  the  form  of  prisms  with  m.p.  82-83*  (from 
a  1  : 1  mixture  of  ether  and  gasoline). 

Xmax  255  ,  324  mp;  loge  4.02,  3.60. 

Found  %:C  72.91;  H  7.40.  CisHigOg.  Calculated  %:  C  73.15;  H  7.37. 

Scmicarbazone;  m.p.  215-217*. 

Found  %:  N  1 3.93.C,6n2i03N3.  Calculated  %:  N  13.97. 

b)  Under  the  Action  of  Polyphosphoric  Acid.  Anti-trans-methoxy  acid  (0.36  g)  was  stirred  into  poly- 
phosphoric  acid  prepared  from  4  ml  of  phosphoric  acid  (d  1.75)  and  6  g  of  phospliorus  pentoxidc.  The  mixture 
was  heated  for  10  min  at  100-110*.  The  reaction  mixture  was  then  poured  onto  ice  and  extracted  with  chloro¬ 
form.  The  chloroform  extract  was  washed  witlt  sodium  carbonate  solution  and  with  water.  Distillation  of  the 
solvent  left  tlie  lactone  of  the  anti-cis-methoxy  acid  (V)  with  m.p.  141-142*  (from  alcohol);  yield  quantitative. 

c)  Under  the  Action  of  Hydrogen  Fluoride.  A  solution  of  1  g  of  anti-ttans-metho.xy  acid  in  10  ml  of  an¬ 
hydrous  hydrogen  fluoride  in  aftoroplast  container  was  kept  at  room  temperature  for  2  hr.  Tlie  hydrogen  fluoride 
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was  then  driven  off  in  a  current  of  air  and  the  residue  dissolved  in  cliloroform.  The  chloroform  solution  was  washed 
with  water,  with  sodium  carbonate  solution  and  again  witli  water.  It  was  then  dried  and  worked  up  in  the  usual 
manner  to  give  0.9  g  of  the  lactone  of  the  anti-cis-hydroxy  acid  (V)  witli  m.p.  141-142* 

Cyclization  of  Anti-cis-3-(p-metlioxyphcnyl)-l-methoxycyclopentane-2-acetic  Acid  (VI)[8].  a)  Friedel- 
Crafts  Method.  Into  a  cooled  solution  of  acid  cliloride  (VII),  prepared  as  described  above  from  2  g  of  anti-cls- 
methoxy  acid  (VI)  in  10  ml  of  dry  benzene,  was  stirred  2.5  ml  of  stannic  chloride  in  5  ml  of  dry  benzene.  The 
reaction  mixture  was  stirred  for  20  min  at  room  temperature.  The  mass  worked  up  as  described  above  to  give  the 
lactone  of  die  anti-cis-hydroxy  acid  (V)  with  m.p.  141-142*. 

b)  Under  the  Action  of  Hydrogen  Fluoride.  Anti-cis-methoxy  acid  (2.5  g)  was  treated  with  25  ml  of  an¬ 
hydrous  hydrogen  fluoride  as  described  above.  The  product  was  worked  up  as  before  to  give  2.06  g  of  methyl  ester 
of  2-(p-methoxyphenyl)-cyclopcntcne-l -acetic  acid  (IX)  with  b.p.  130-132"  (0.35  mm)  '• 

257  m/J,  log€  4.10 

Found  c  72.78;  H  7.24.  Ci5Ht803.  Calculated  C  73.15;  H  7.37. 

Cyclization  ofSyn-cis-3-(p-methoxyphctiyl)-l-mcthoxy-2-acetic  Acid  (VIII)  [8].  Syn-cisrmethoxy  acid 
(VIII)  (5  g)  was  treated  with  anhydrous  hydrogen  fluoride  (50  ml)  as  described  above.  The  mass  was  worked  up 
as  before  to  give  4.1  g  of  methyl  ester  of  2-(p-methoxyphenyl)-cyclopcntcne-l-acetic  acid  (IX)  with  b.p,  130-132* 
(0.35  mm). 

Xmax  4.15 

Found  ofo:  C  72.68;  H  7.52.  CuHigOj.  Calculated  C  73.15;  H  7.37. 

2-(p-MetIioxyplicnyl)-cyclopentcnc-l-acctic  Acid  (X).  To  a  solution  of  0.58  g  of  methyl  ester  of  acid  (IX) 
in  10  ml  of  metlianol  was  added  a  solution  of  0.4  g  of  potassium  hydroxide  in  20  ml  of  methanol;  the  mass  was 
left  at  room  temperature  for  20  hr.  After  tlie  methanol  had  been  taken  off  in  vacuo,  the  residue  was  dissolved  in 
water  and  extracted  with  ether.  The  aqueous  layer  was  acidified.  The  resulting  precipitate  was  filtered  to  give 
0.4  g  of  acid  (X)  with  m.p.  129-130"  after  two  recrystallizations  from  a  mixture  of  ether  and  ligroine, 

Xmax  254  mp;  loge  4.27  (in  alcohol). 

Found  %:C  71.96;  H  6.86.  C,4Hi603.  Calculated  C  72.39;  H  6.94 

cis-2-(p-Methoxyphenyl)-cyclopentane-2-acetic  Aeid  (XI).  To  0.2  g  of  S'fo  previously  reduced  palladium 
catalyst  on  calcium  carbonate  in  2  ml  of  cliemically  pure  methyl  alcohol  was  added  a  solution  of  0.5  g  of  acid 
(XI)  in  2  ml  of  methyl  alcohol.  Hydrogenation  was  performed  at  atmospheric  pressure  and  room  temperature.  Ab¬ 
sorption  of  hydrogen  ceased  after  addition  of  the  theoretical  quantity  (10  min).  The  catalyst  was  filtered  off  and 
washed  with  methyl  alcohol.  Distillation  of  the  solvent  left  an  acid  with  m.p.  73-74"  (from  a  mixture  of  ether 
and  ligroine).  The  acid  did  not  give  a  depression  of  melting  point  in  admixture  with  cis-2-(p-methoxyphenyl)- 
cyclopcntane-l-acetic  acid  [7]. 


SUMMARY 

1.  A  study  was  made  of  the  cyclization  of  anti-trans- ,  anti-cis- ,  and  syn-cis-3-(p-mcthoxyphcnyl)-l-mcthoxy- 
cyclopcntane-2-acetic  acidsby  tlie  Fricdel-Crafts  mctlipd.by  the  action  of  liydrogen  fluoride  and  that  of  the  polyphos- 
phoric  acid. 

2.  It  was  shown  that  under  cyclization  conditions  these  acids  undergo  intramolecular  rearrangement  with 
formation  of  the  lactone  of  anti-cis-3-(p-mctiicxyphcnyl)-cyclo|.cntan-i-ol- 2-acctic  acid,  the  methyl  ester  of 
2-(p-mcthoxyphcnyl)-cyclopentcne-l -acetic  acid  and  trans-3’-chloro-4-kcto-6-mcthoxy-l,2(l',2’)-cyclopcntane- 
1,2,3,4-tetrahydronaphthalenc. 

3.  In  a  single  case  —  cyclization  of  anti-trans-3-(p-methoxyphcnyl)-l-mcthoxycyclopcntanc-2-acctic  acid 
by  the  Friedel  —  Crafts  method  —  there  was  obtained  5^70  of  the  normal  product  of  cyclization  —  anti-trans-4-keto- 
3',6’-dimahoxy-l,2(r,2')-cyclopcntanc-l,2,3,4-tctrahydronaphthalene. 

4.  It  was  shown  that  the  chlorine  in  the  chloroketone  has  a  low  reactivity. 
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Acyl  derivatives  of  thlophosphoric  acids  (RO)2P 


\OAc 


are  fairly  strong  systemic  and  contact  insecticides 


[1,  2],  Several  methods  for  their  synthesis  are  described  in  the  literature.  They  were  first  prepared  by  the  action 
of  sulfur  on  the  product  of  reaction  between  phosphorus  tricliloride  and  the  sodium  salt  [3-5]  followed  by  esterifi¬ 
cation  with  sodium  ethoxide  [3].  They  were  also  prepared  [4]  from  carboxylic  acids  and  tetraethyl  pyrophosphate 
followed  by  addition  of  sulfur.  M.  1.  Kabachnik  and  co-workers  [6]  acylatcd  salts  of  tliiophosphorlc  acid  with  the 
help  of  carboxylic  acid  chlorides.  Acyl  derivatives  of  0,0-diethylthiophosphoric  acid  have  been  prepared  by 
heating  tlie  acid  with  salts  of  carboxylic  acids  or  by  reaction  of  a  carboxylic  acid  with  0,0-diethylchlorothlophos- 
phate  [7]. 


No  data  for  acyl  derivatives  of  O,0-dibutylthiophosplioric  acid  have  previously  appeared  in  the  literature. 
We  synthesized  several  acyl  derivatives  of  this  acid  with  the  aim  of  preparing  new  insecticidal  substances.  Syn¬ 
thesis  was  performed  by  the  mahod  of  [6],  and  involved  the  following  steps:  1)  synthesis  of  dibutyl  phosphite  by 
Fischer's  method  [8];  2)  preparation  of  the  sodium  salt  of  dibutyl  phosphite;  3)  synthesis  of  0,0-dibutylthlopho8- 
phate  by  the  procedure  of  [9,  lOJ  4)  synthesis  of  acyl  derivatives  ofO.O-dibutylthiophosphoric  acid. 


C4HnOv  ✓S 

2  yP<f  +cico(cn2),coci 

C^lInO^  ^ONa 
C4H()Ov 

C4lInO/  ^OCO(Cll2KCOOP^OC4ll9  4.2NaCI* 

^OC4ll„ 


The  constants  of  the  preparations  corresponded  to  those  reported  in  the  literature.  The  synthesis  of  the  sodium 
salt  of  dibutylthiophosphoric  acid,  not  described  in  the  literature,  is  presented  in  the  experimental  part, 

EXPERIMENTAL 

Synthesis  of  Sodium  0,0-dibutylthiophosphate.  To  10.5  g  of  metallic  sodium  in  250  ml  of  dry  benzene  in  a 
three-necked  flask  (protected  against  entry  of  moisture)  was  added  82  g  of  0,0-dibutylphosphorous  acid  with 
vigorous  stirring.  After  20  hr  theexcessof  sodium  was  removed,  and  14.7  g  of  sulfur  powder  was  added  in  small 
portions  to  the  well-stirred  and  cooled  mixture.  After  all  the  sulfur  had  been  added,  the  mixture  was  heated  for 
30  min  to  60*  and  transferred  to  a  Wurtz  flask.  The  benzene  was  then  taken  off  in  vacuo  until  crystals  started 
to  form.  Final  removal  of  benzene  and  crystallization  were  effected  in  a  vacuum -desiccator, 

•  The  structural  formulas  of  the  substances  have  not  been  verified. 
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Characteristics  ol  derivatives 


The  yield  of  crude  salt  was  52  g  White  crystals  deliquescing 

in  the  aii. 

Found  <^o:  P  12.82;  S  13.27.  M  256.7.  C8Hig03PSNa.  Calculated  %; 

P  12.49;  S  12.91;  M  248.3 

Acylation  of  Sodium  0,0-dibutylthiophosphate.  The  sodium  salt 
of  0,0-dibutyUliiophosphoric  acid  was  charged  into  a  100  ml  flask  topped 
by  a  condenser  (ground-glass  connection)  closed  by  a  calcium  chloride  tube, 
and  an  ethereal  solution  of  the  acid  chloride  was  run  in. 

Half  an  hour  after  start  of  reaction,  die  niLxture  was  heated  to  the 
boiling  point  of  ether.  The  resulting  sodium  chloride  was  washed  with 
ether  and  dissolved  in  water.  The  chlorine  content  was  then  determined 
by  the  Volhard  method.  The  ethereal  solution  was  evaporated  in  vacuo  at 
50-60®  and  the  residual  oil  was  distilled  in  vacuo  (0.4  mm)  and  analyzed. 

Results  of  reactions  between  sodium  0,0-dibutylthiophosphate  and 
chlorides  of  benzoic,  succinic,  glutaric,  and  adipic  acids,  also  data  for 
preparation  of  the  acyl  derivatives,  are  set  forth  in  the  table. 

SUMMARY 

1,  The  sodium  salt  of  0,0-dibutylthiophosporic  acid  was  prepared. 

2.  Chlorides  of  dibasic  acids  (succinic,  glutaric,  adipic)  and  benzoyl 
chloride  were  reacted  with  sodium  0,0-dibutylthiophosphate.  Four  acyl 
derivatives  of  tliis  acid,  not  previously  described  in  the  literature,  were  ob¬ 
tained  in  the  form  of  yellowish  oils  with  insecticidal  activity. 
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T.  A .  Mikhailova 

K.  E.  Voroshilov  Scientific  Research  Institute  for  Organic 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  581-583, 
February,  1960 

Original  article  submitted  October  20,  1958 


In  recent  years  derivatives  of  diphenylurea  containing  isocyanate  groups  in  the  3,3*-position 
attention  as  intermediates  for  the  preparation  of  high-molecular  synthetic  substances  [1]. 


nave  attracica 


< 


NCO 


\_N1I— C-Nll-/ 


where  r  =  cn„  och,  or  ci. 


NCO 


It  has  been  proposed  in  patents  [2]  to  prepare  compounds  of  this  type  by  an  original  method  based  on  the  dif¬ 
ferent  reactivities  of  isocyanate  groups  in  an  aromatic  diisocyanate  containing  Cl,  OCH3,  or  CH3  as  substituents. 

It  has  been  reported  that  isocyanate  groups  in  the  para-position  to  tliese  substituents  are  the  most  active  [3].  Ac¬ 
cording  to  these  patents,  reaction  of  2,4-toluylencdiisocyanate  with  an  equimolar  proportion  of  water  gives  3,3’- 
diisocyanato-4,4'-dimethylcarbanilide 


2CH,-<; 


NCO 


y  -CO, 


CIlj 


NCO 


—Nil— CO— Nil— 


(1 


OCN 


The  patents  describe  the  operating  conditions  but  not  the  properties  of  the  products,  and  experimental  ev¬ 
idence  for  the  structural  formulas  is  not  adduced. 

Our  experiments  with  2,4-toluylencdiisocyanate  as  starting  substance  showed  that  its  reaction  with  water  under 
the  conditions  recommended  in  the  patents  gives  mixtures  of  compounds.  Their  melting  points  arc  5-10*  different 
fiotn  those  reported  in  the  patents.  These  mixtures  are  verysensitive  to  heating  and  readily  polymerize;  isolation 
of  an  individual  substance  from  them  is  extremely  difficult. 

A  substance  melting  over  a  range  of  1-2*  could  be  isolated  by  fractional  precipitation  and  collection  of  the 
product  deposited  during  the  first  2-3  hours  after  introduction  of  water  into  the  reaction  mass. 

The  compound  isolated  in  this  way  corresponded  in  chemical  composition  to  the  expected  3,3’-dilsocyanato- 
4,4’-dimethylcarbanilide  (I);  it  was  treated  with  methanol  for  conversion  to  the  corresponding  diurcihanc  (II), 

C1!3-<(  ^-M1-C0-MI-<^  ^-CHj 

l_  / 

HNCOOClls  II3COOCNII 

(II) 
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Experiments  were  also  carried  out  on  preparation  of  the  diurcthanc  of  this  structure  by  another  syntfiesis  ae* 
cording  to  the  sclieme: 


2CII3- 


■\^nh,  CII 


-21ICI 


^-Nn-CO-NH-<^ 


N02 


=»  \ _ / 

I 

N02 


-E6H, 

-*11^ 


N0> 


(HI) 


42CI1,0C0C1 


CH3-/  ■  \_NH-C0-N11-/  ^-CHa  (II) 


> 


./ 


-2HCI 


Nil, 


NH2 


(IV) 


4,4 ’-Dimethyl-3, 3'“dinitrocarbanilidc  (Ill)  has  been  described  in  the  literature  [4].  However,  the  urea  de¬ 
rivative  (IV)  with  substitutable  amino  groups  in  the  3,3*  position  has  not  previously  been  described.  Attempts  to 
reduce  tJic  dinitro  derivative  (III)  to  tlic  corresponding  diamini  (IV)  were  reported  [4]  to  be  unsuccessful  due  to 
detachment  of  one  of  the  resulting  amino  groups  in  an  acid  medium. 

We  succeeded  in  converting  compound  (III)  into  diamine  (IV)  by  reduction  with  hydrogen  in  presence  of 
Raney  nickel.  The  resulting  diamine  (IV)  was  subsequently  converted  to  the  corresponding  diurethane  by  reaction 
with  methyl  chloroformate.  The  diurcthane  was  found  to  be  identical  with  the  diurcthanc  obtained  from  the  com¬ 
pound  whose  properties  and  chemical  composition  were  those  of  the  expected  3,3*-diisocyanato-4,4'-dimctliyl- 
carbanilidc  (1). 

In  this  manner  the  structure  of  compound  (I)  can  be  considered  proven. 

This  compound,  formed  by  interaction  of  2,4-toluylencdiamincdiisocyanatc  with  water,  can  be  isolated 
from  the  other  reaction  products  by  taking  advantage  of  its  higher  rate  of  formation. 

EXPERIMENTAL 

Preparation  of  3,3’-Diisocyanato-4,4*-dimeihylcarbanilidc  (I)  and  the  Dimethyl  Bter  of4,4'-Dimcthylcar- 
banilide-3,3*-dicarbamic  Acid  (II).  To  a  solution  of  25.2  g  of  2,4-toluylencdiisocyanate  in  15.7  g  of  dried  and 
distilled  ethyl  acetate  was  added  1.3  g  of  water  with  stirring  and  cooling;  reaction  temperature  not  above  26-28“. 
After  stirring  for  2  hr,  the  mass  was  filtered  and  waslicd  twice  with  5-7  ml  of  ethyl  acetate.  The  product  came 
down  as  colorless  crystals  with  m.p.  175-176’  (1).  Keeping  of  the  reaction  product  for  18  hours  or  longer  led  to  the 
precipitate  having  a  melting  range  of  165-218*,depending  on  the  duration  of  keeping.  Urethane  (II)  was  obtained 
when  1.1  g  of  (I)  was  boiled  with  25  ml  of  methyl  alcohol  for  3  hr.  Yield  0.71  g.  Colorless  crystals  with  m.p. 
220-220.5  (from  alcohol). 

Found  C  58.94,  58.95;  H  5.9,  5.64;  N  14.21,  14.48..  C19H22O5N4.  Calculated  C  59.2;  H  5.72;  N  14.5. 

Preparation  of  4,4’-Dimethyl-3,3’-diaminocarbanilide  (IV).  A  mixture  of  10  g  of  4,4'-dimethyl-3,3*-di- 
nitrocarbanilide  (prepared  by  condensation  of  4-nitro-2-aminotoluenc  with  phosgene  [4]),  300  g  of  alcohol  and  3  g 
of  Raney  nickel  was  heated  in  an  autoclave  under  a  hydrogen  pressure  of  about  50  atm  at  100"  for  6  hr.  Heating 
was  stopped  after  hydrogen  ceased  to  be  taken  up.  The  volume  of  absorbed  hydrogen  usually  corresponded  to  the 
calculated  amount.  After  completion  of  hydrogcn.ition,  the  reaction  mass  was  filtered  and  ilie  residue  on  the  filter 
washed  with  boiling  alcohol.  The  filtrate  was  evaporated  to  1/3  of  its  volume  and  the  amino  compound  that  came 
•  down  on  cooling  was  filtered.  Yield  7.5  g.  Colorless  small  needles  with  m.p.  230’ (from  80'7o  aqueous  pyridine), 
very  poorly  soluble  in  water,  ether  and  chlorobenzene,  slightly  more  soluble  in  alcohol  and  acetone. 

Found  C  66.29,  66.0;  H  6.57,  6.35;  N  20.4,  20.1.  C15H18ON4.  Calculated  C  66.66;  H  6.66;  N  20.70 

Reaction  of  4 ,4’-Dimcthyl-3,3*-di3minocarbanilidc  (IV)  with  Methyl  Chloroformate.  To  a  suspension  of 
10  g  of  (IV)  in  30  ml  of  pyridine  was  added  (dropwise)  4  g  of  methyl  chloroformate.  The  dark  pyridine  solution 
was  diluted  with  50  ml  of  methyl  alcohol  and  poured  into  30  ml  of  1  N  hydrochloric  acid.  The  light-brown  pre¬ 
cipitate  (3  g)  melted  with  decomposition  at  198-199’.  Dilution  of  the  filtrate  with  water  led  to  deposition  of 
4.42  g  of  product  melting  (decomp.)  at  182’.  After  recrystallization  from  alcohol  or  from  S0%  acetic  acid,  the 
isolated  precipitates  melted  at  220-222’.  A  mixture  of  the  product  with  (II)  did  not  have  a  depression  of  melting 
point. 

Found  %:C  58.88.  58.72;  H  5.8,  5.97;  N  14.8,  14.67.  C19H22O5N4.  Calculated  C  59.06;  H  5.70;  N  14.50 
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SUMMARY 


1.  The  interaction  of  2,4-toluylenediisocyanate  with  water  was  investigated.  Depending  on  the  reaction 
conditions,  various  difficultly  separable  mixtures  of  compounds  were  obtained. 

2.  Precise  conditions  were  established  for  isolation  in  the  initial  reaction  stage  of  3,3’-diisocyanato-4,4*- 
dimcthylcarbanilide. 

3.  Reaction  of  3,3'-dilsocyanato-4,4'-dimethylcarbanilide  with  methyl  alcohol  gave  the  corresponding  dl- 
urethane  -  the  dimethyl  ester  of  4,4'-dimethylcarbanilido-3,3'-dicarbamic  acid. 

4.  The  structure  of  the  preparations  was  confirmed  by  synthesis  of  the  dimethyl  ester  of  4,4’-dlmethylcar- 
banilido-3,3’-dicarbamic  acid  from  4,4‘-dimethyl-3,3’-diaminocarbanilide  and  methyl  chloroformate.  4,4’-Di- 
methyl-3,4’-diaminocarbanilide  was  obtained  by  catalytic  reduction  of  4, 4 •-dimethyl-3, 3’-dinitrocarbanilide,^ 
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THE  MECHANISM  OF  HYDROGEN  EXCHANGE  OF  AROMATIC 
COMPOUNDS  WITH  BASES 

(FACTORS  GOVERNING  THE  PARTIAL  RATE  OF  DEUTERO- EXCHANGE  OF 
DIPHENYL  ESTER  WITH  POTASSIUM  AMIDE  IN  LIQUID  AMMONIA) 
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Translated  from  Zhurnal  Obshchei  Khimil,  Vol.  30,  No.  2,  pp.  583-589, 

February,  1960 

Original  article  submitted  February  6,  1959 

Knowledge  of  the  partial  rate  factors  (/)  gives  valuable  information  about  the  reactivity  of  aromatic  com¬ 
pounds.  Values  of  /  were  previously  determined  for  exchange  reactions  between  isomeric  monodeuterotoluenes 
and  diphenyl  and  a  solution  of  potassium  amide  in  liquid  ammonia  [1]  Data  were  also  obtained  for  the  relative 
rate  of  exchange  of  nonequivalent  hydrogen  atoms  in  anisole  with  the  same  solution  [2],  and  experiments  were 
carried  out  with  diphenyl  ether;  in  this  case  the  exchange  reaction  was  so  fast  that  it  could  not  be  studied  in  ade¬ 
quate  detail. 

This  difficulty  was  overcome  in  the  present  work  by  carrying  out 
the  kinetic  measurements  at  low  temperatures.  The  results  in  their 
totality  enable  definite  conclusions  to  be  reached  about  the  mechan¬ 
ism  of  hydrogen  exchange  with  bases. 

EXPERIMENTAL 

We  made  use  of  the  earlier  technique  [3]  for  accurate  determin¬ 
ation  of  the  duration  of  an  experiment  at  low  temperature.  The  reac¬ 
tion  vessel  was  secured  with  Wood's  alloy  to  stainless  steel  members 
[4].  In  limb  1  was  placed  a  weighed  amount  of  the  substance  and  the 
cap  was  screwed  on.  The  apparatus  (Fig.  1)  was  thoroughly  dried, 
purged  several  times  with  dry  ammonia  and  evacuated.  The  valve  was 
connected  to  a  small  reservoir  of  potassium  amide  of  known  concen¬ 
tration.  A  definite  volume  of  the  latter  was  run  into  limb  2  through 
a  capillary  and  the  apparatus  was  placed  in  a  cryostat  [5]  in  which  the 
required  temperature  was  maintained  to  within  0.05*.  After  equilibra¬ 
tion  of  the  temperature,  the  apparatus  was  tilted  and  the  potassium 
amide  solution  was  added  to  the  substance  (the  amide  dissolved  rapidly 
on  agitation).  Reaction  was  stopped  by  cooling  the  solution  to  —78* 
and  adding  NH^Cl.  The  ammonia  was  then  distilled  off.  Further  pro¬ 
cedure  as  described  in  [2]. 

Diphenyl  ether  was  distilled  in  vacuo  over  sodium,  M.p.  27*, 
n*®D  1.5796.  2,2',4,4',6,6'-Hexadeuietodiphcnyl  ether  was  prepared 


604 


TABLE  1 


Velocity  of  Exchange  of  Meta  Hydrogen  Atoms  in  C5H5OC5H5 


T 

(min) 


Wp 

mp 

Cd 

n  j 

*^meia 

1/ 

^  meia 


(JV?  2;  CKNn,  =  0.020N  ;  cj  =  5.22  at.«7o  D;  «  =  -20®) 


45 

282 

2.00 

4.21 

0.21 

GO 

.348 

2.05 

4.31 

j  0.39 

GO 

326 

2.13 

4.48 

80 

358 

2.22 

4.67 

j  O.GO 

80 

355 

2.16 

4.54 

100 

315 

2.31 

4.86 

1  0.79 

100 

322 

2.25 

4.73 

240 

389 

2.52 

5.30 

1  1.33 

240 

385 

2.55 

5.36 

480 

395 

3.00 

6.31 

j  2.42 

480 

409 

3.11 

G.54 

2.0  •  10-» 

2.7  .  10-5 

3.3  .  10-5 
3.6 . 10-5 

2.8  .  10-5 

3.2  .  10-5 
3  .  10-5 


(J^f  1;  CKNn,  =  0.022N  ;  Cj  =  3.80  at.«7o  D;  £  =  -10°) 


30 

123 

1.63 

4.72 

0.72 

1.1  . 10-* 

31 

143 

1.70 

4.93 

0.93 

1.4  •  10-< 

1  . 10-* 

M  1;  Ckn H,  =  0.022  N  ;  Cj  =  3.80 

at. 70  D;  1  =  0° 

15 

100 

1.71 

4.95 

0.95 

3.0 . 10-< 

15 

103 

1.74 

5.03 

1.03 

3.3  •  10-* 

15 

119 

1.74 

5.03 

1.03 

3.3  •  10-« 

15 

126 

1.78 

5.16 

1.16 

3.8  .  10-« 

15 

122 

1.7G 

5.10 

1.10 

3.5  .  i(r« 

3  •  10-« 

% 


TABLE  2 


Velocity  of  Exchange  of  Ortho  Hydrogen  Atoms  in  CgHjOCgHs  (No.  3;  CkNHj  =0.019  N; 
Cp  =4.66  atom  ^0  D;  t  =—40*) 


T 

(min) 

’"p 

iiip' 

*’oriho 

^ortho 

10 

1080 

0.67 

1..58 

8.3  .  I0-* 

17 

1120 

0.95 

2.24 

8.0  •  10-« 

25 

1020 

1.25 

2.94 

8.8  .  10-« 

8  •  10-« 

by  dissolving  ordinary  diplienyl  ether  in  Dbr,  Benzene  was  deuterated  by  exchange  reactions  with  ND3  and  KNO2. 
2,4 ,0-Tridcutcroanisole  was  prepared  as  described  in  [2].  Before  an  experiment  the  substances  were  distilled  over 
sodium  in  vacuo,  and  samples  were  weighed  in  a  "dry*  chamber. 

The  following  notation  is  used  in  the  tables;  N— number  of  potassium  amide  solution;  T“  duration  of  the 
kinetic  experiment;  nip/  nig  —  ratio  between  numbers  of  moles  of  solvent  and  substance;  Cknh2  “  potassium 
amide  concentration  (normality):  Cg  —  deuterium  concentration  (atom  ffo)  in  water  from  combustion  of  substance 
before  start  of  cxpcrimctit;  Cp  —  ditto  after  experiment;  C®p  —  deuterium  concentration  (atom  <70)  in  ammonia  be¬ 
fore  experiment;  n-  number  of  hydrogen  atoms  exchanged;  n^eja,  -  number  of  hydrogen  atoms 

exchanged  respectively  in  the  ortho,  meta,  and  para  positions;  J<  velocity  constant  of  the  exchange  reaction  (sec"^) 
calculated  for  a  first  order  equation. 
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TABLE  3 


Velocity  of  Exchange  of  Para  Hydrogen  Atoms  in  CgHsOCgHs 
(No.  4;  CkNHj  =  ^.052  N;  cj  =14.84  atom  %  D*  ;  t  =0*) 


T 

(min) 

mp 

nip 

b 

para 

20 

257 

4.63 

5.3  •  10-5 

30 

264 

4.44 

4.4  •  10-5 

40 

275 

4.41 

5.5  .  10-5 

120 

475 

3.09 

»).l  .  10-5 

180 

493 

2.90 

5.8  .  10-5 

240 

508 

1.87 

6.1  .  10-5 

0.5.10-5 

•  Calculation  for  para  atoms  gives  Cg  =4.94  atom^^o  D. 


TABLE  4 

Velocity  of  Exchange  of  Hydrogen  in  Benzene  (C0  =5.58  atom  %  D) 


No. 

^KNUt 

t® 

T 

(min) 

mp 

»»B 

Cb 

k 

•  •'av 

6 

0.020 

0 

360 

81 

4.76 

7.3  •  10-6 

G 

0.020 

0 

360 

75 

4.86 

6.4  .  10-6 

1  6.8  •  10-6 

7 

0.059 

—30 

4560 

82 

5.21 

2.6  .  10-7 

\ 

7 

0.059 

-30 

4.5()0 

80 

5.03 

3.8  •  10-7 

1  3.2  •  10-7 

Table  1  summarizes  the  results  of  experiments  on  hydrogen  exchange  between  diphenyl  ether  and  0,02  N 
solution  of  potassium  amide  in  deuteroarnmonia.  We  see  from  experiments  carried  out  at  “20*  that  after  four 
hydrogen  atoms  (i.e,  ortho  atoms)  had  been  exchanged,  further  exchange  was  considerably  slowed  down.  On  the 
assumption  that  meta  atoms  exchanged,  we  calculated  the  velocity  constants  (sec~*)  for  three  temperatures  (ap¬ 
proximate  activation  energy  E  16  kcal/mole). 

The  velocity  of  exchange  of  ortho  atoms  was  measured  in  experiments  at  “40*  (Table  2). 

Below  we  give  the  velocity  constants  of  the  exchange  reactions  calculated  for  =  0.02  N. 


Atom 

Temperature 

k(sec"*) 

Ortho 

“40*C 

9  •  10"'* 

Meta 

“20' 

3  •  10'*^ 

“10 

1  •  lo"-* 

0 

6# 

1 

o 

CO 

Para 

0 

2  •  10‘5 

Calculation  shows  that  these  values  of  the  constants  fully  confirm  the  assumptions  made  above. 


For  determination  of  the  partial  rate  factors  we  need  to  know  the  velocity  constants  of  exchange  of  hydrogen 
in  benzene  at  the  same  temperature  and  amide  concentrations  at  which  the  measurements  of  Tables  1  to  3  were 
carried  out.  Velocity  constants  are  known  for  several  concentrations  of  amides  and  temperatures  of  40  to  0“  [6]. 

In  the  same  paper  appears  a  kinetic  equation  enabling  calculation  of  the  velocity  constants  at  lower  temperatures. 
As  a  check  we  measured  hydrogen  exchange  in  benzene  at  0  and  “30*  (Table  4). 

Satisfactory  agreement  was  found  both  with  the  previously  determined  (0*)  and  with  the  calculated  (“30*) 
constant. 
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TABLE  5 


Velocity  of  Exchange  of  Ortho  Hydrogen  Atoms  in  C5H5OCH3 


\)rtho 


(Cknii,  =  0.020  N  ;  C;  =  t2.07at.%  D;  £  =  -30°; 
T  =  240  min) 


5 

143 

4.76 

6.5  .  10-* 

5 

191 

4.44 

7.0  •  10-* 

5 

149 

4.73 

6.5  .  10-5 

5 

137 

4.97 

6.1  .  10-5 

6 

135 

4.10 

7.5  •  10-5 

6 

136 

4.15 

7.5  .  10-5 

7.0 . 10-5 

(Cknii.  =  0.019  N  ;  Cj  =  4.66  at.<7o  D; 
T  =  240  min  ;  £  =  —30°) 


797 

0.87 

1.62 

1.1  .  io-« 

210 

0.83 

1.55 

1.0  .  io-« 

1  •  iOr* 

TABLE  6 


Partial  Rate  Factors  of  Exchange  of  Hydrogen  in  Benzene  Deriv¬ 
atives  and  Ionization  Constants  of  Acetic  Acid  Derivatives  in 
Water 


Substituent 

^ortho 

^meta 

^para 

Kt 

Fn 

>  100 

105 

'  102 

2.2  .  10-5 

CF^IM 

>  105 

10* 

10< 

8.6  .  l()-« 

CnIL.O 

2  .  10< 

5  •  101 

4 

7.6  .  10-* 

(’,11,0  (21 

5  .  102 

— 

5  .  10-1 

3.0 . 10-« 

4.7 

3.3 

2.9 

4.9  .  10-5 

11 

1 

1 

1 

1.7  .  10-5 

CllaPl 

1  .  io-» 

3  .  101 

— 

1.3  .  10-5 

CkNH2=  0-020  N  0* 

Our  determination  7  •  10"* 
According  to  [6]  7  •  10"* 


CknHj  =  0.059  N-30* 


4  •  10"’ 
4  •  10"’ 


Roberts  [7]  found  a  velocity  constant  of  hydrogen  exchange  in  benzene  of  the  order  of  10”’  sec"^  for  "-SS* 
and  =  0.6  N,  i.e.,  at  least  an  order  lower  than  according  to  our  measurements.  This  may  be  due  to  partial 

breakdown^of  the  amide  during  lengthy  experiments  in  a  not  completely  gastighi  apparatus. 


In  view  of  die  great  differences  in  reactivity  of  die  nonequivalent  hydrogen  atoms  of  diphenyl  ether,  we  had 
to  measure  their  velocity  of  exchange  under  nonuniform  conditions.  Ihe  scale  of  /  probably  contracts  with  rising 
temperature  and  concentration  of  potassium  amide.  However,  this  does  not  affect  the  order  of  magnitudes  of  the 
partial  rate  factors  of  interest  to  us  in  the  present  work. 


With  the  objective  of  comparing  the  partial  rate  factors  for  diphenyl  ether  and  anisole,  we  measured  the 
velocity  constant  of  exchange  of  the  ortho  atoms  in  the  latter  (Table  5). 

The  velocity  constants  of  deutero-excliangc  for  para  and  methoxy  atoms  in  the  anisole  molecule  are  known 
[2].  Our  results  for  anisole  and  those  of  Roberts  [7]  are  qualitatively  similar  (/ordio  >  f  >/para)^  Roberts  finds 
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(ortho 


/ortho  considerably  more  different  from  than  we  do.  Possibly, 

the  American  authors  had  too  low  a  value  of  tlie  velocity  constant  of  ex¬ 
change  of  the  para  hydrogen  atom  of  anisole  and  the  hydrogen  of  benzene. 
Moreover,  the  scale  of  f  that  we  obtained  for  anisole  is  evidently  some¬ 
what  compressed  since  /ortho  ^tid  /para  '^t^re  determined  for  amide  con¬ 
centrations  differing  by  a  factor  of  13. 

The  results  obtained  for  hydrogen  exchange  witli  diphenyl  ether  con¬ 
form  to  the  law  formulated  for  substitution  reactions  of  hydrogen  under  the 
action  of  strong  bases  [1,  2,  7-10].  According  to  this  law  the  reaction  rate 
depends  on  the  degree  of  polarization  of  the  CH  bonds  by  a  substituent  in 
the  aromatic  ring  due  to  inductive  electronic  shift.  A  substituent  that 
polarizes  CH  bonds  alters  their  acidity  in  the  same  way  as  the  acidity  of 
a  carboxylic  acid  is  altered  when  a  hydrogen  in  the  acid  radical  is  replaced 
by  the  same  substituent.  We  now  already  have  a  sufficient  body  of  data 
Fig.  2.  Relationship  between  /qjjJjo  support  of  this  mechanism.  It  is  known  that  tlie  influence  of  a  substi- 

andpK^.  tuent  rapidly  declines  along  the  carbon  chain  of  an  aliphatic  acid  [11]; 

as  an  example,  the  ionization  constants  of  a-,  6-,  and  y-chlorobutyric  acids  arc  respectively  1.4  •  10”^,  8.9  • 

10“*  and  2.0  •  10”®  (the  ionization  constant  of  the  unsubstituted  acid  is  K  =  1.5  •  10"®).  Precisely  as  in  the  case 
of  hydrogen  exchange  in  aromatic  compounds,  there  is  an  especially  marked  cliangc  in  mobility  of  the  hydrogen 
in  the  CH  bond  nearest  to  the  substituent,  i.e.,  in  the  ortho  position. 

Table  6  contains  the  partial  rate  factors  ofdeutero-exchange  with  a  solution  of  potassium  amide  in  liquid 
ammonia  for  benzene  derivatives  and  values  of  ionization  constants  Kj  in  water  at  25*  of  substituted  acetic  acids 
witli  the  same  substituents  as  in  the  benzene  ring  [11]. 

On  plotting  /ojtj,o  against  pK^  =  — logKj,  the  points  fall  closely  around  a  common  straight  line  (Fig.  2).* 
Consequently,  according  to  the  foregoing  treatment,  the  velocity  of  isotopic  exchange  of  hydrogen  in  an  aromatic 
CH  bond  depends  on  its  relative  acidity.  When  the  substituent  is  an  electron  acceptor,  /ortho  > /meta  >  "^^e 

more  electronegative  is  a  substituent  the  more  acidic  is  the  CH  bond  nearest  to  it  and  the  liighcr  the  absolute  value 
of  the  partial  rate  factor.  Conversely,  in  tlie  case  of  an  electron-donating  substituent ‘^/meta  ^ 
group  of  benzene  derivatives  listed  in  Table  6,  the  values  of  /ortho  range  over  more  than  several  orders  of  magni¬ 
tude.  Only  in  one  investigation  [12]  have  the  partial  rate  factors  been  determined  for  mctalation  of  alkylbenzenes. 
The  partial  rate  factors  for deutero-exchangc  are  in  agreement  with  them  (sec  [8]).  For  the  present  we  must  limit 
ourselves  purely  to  qualitative  comparisons  for  other  reactions.  Wittig  thus  showed  [9,  13],  in  harmony  with  the 
foregoing  data  for  hydrogen  exchange,  that  fluorobcnzcnc  and  diphenyl  ether  arc  mctalated  under  milder  conditions 
than  anisole  which  in  turn  is  metalated  more  easily  than  benzene,  while  the  latter  [12]  is  metalated  more  rapidly 
than  an  alkylbenzenc  ring.  In  presence  of  electronegative  substituents  mctalation  is  directed  to  the  ortho  position, 
while  in  presence  of  an  electron-donating  group  the  ortho  position  is  more  deactivated. 

The  velocity  of  mctalation  of  organic  substances  by  alkaline  organic  compounds  is  governed  to  a  consider¬ 
able  extent  by  the  stage  of  rupture  of  the  CH  bond  during  protonization  of  the  hydrogen  by  the  base  (carbanion)  [14]. 

Attention  has  been  drawn  [10]  to  the  analogy  between  hydrogen  exchange  with  a  base  and  such  organic  re¬ 
actions  as  isomerization  of  alkencs,  dimerization  of  alkcnes  and  alkylation  which  evidently  also  proceed  through 
the  step  of  protonization  of  the  CH  bond.  There  is  thus  no  longer  any  doubt  that  hydrogen  exchange  with  bases  is 
governed  by  the  acidity  of  the  substance  participating  in  the  exchange  reaction  [15]. 

SUMMARY 

1.  Values  are  obtained  for  the  partial  velocity  factors  of  exchange  of  ortho,  meta,  and  para  hydrogen  atoms 
In  diphenyl  ether  and  of  ortho  atoms  of  hydrogen  in  anisole  with  a  solution  of  potassium  amide  in  liquid  ammonia. 

•  V.  A.  Pal’m  drew  our  attention  to  the  linear  relation  between  the  values  (Table  6)  of  /ortho  /meta 
Taft’s  inductive  parameters  of  substituents  [R.  Taft.  J.  Am.  Chem.  Soc.  75,  4231  (1953);  79,  1045  (1947);  SO, 

2436  (1958)].  These  parameters  were  derived  for  reactions  (including  ionization  of  carboxylic  acids)  whose  equi¬ 
librium  constants  (or  velocity  constants)  are  governed  exclusively  by  the  inductive  effect  of  the  substituent.  Since 
the  inductive  effect  evidently  weakens  progressively  with  increasing  distance  from  the  substituent,  the  similar  cor¬ 
relations  in  question  do  not  always  apply  during  exchange  of  a  deuterium  atom  located  in  the  para  position  (Note 
added  in  proof). 


608 


2.  A  linear  relation  is  found  to  exist  between  the  logarithms  of  the  partial  velocity  factors  of  deutero-ex- 
change  of  ortho  atoms  in  benzene  derivatives  and  the  negative  logarithms  of  the  ionization  constants  in  water  of 
derivatives  of  acetic  acid  with  the  same  substituents, 

3.  Tlie  rate  of  isotopic  exchange  of  ortho  atoms  of  hydrogen  in  benzene  derivatives  is  governed  by  the  de¬ 
gree  of  acidity  of  the  CH  bond  which  depends  on  its  polarization  by  the  inductive  effect  of  the  substituent. 

The  rate  of  hydrogen  exchange  with  a  base  is  limited  by  the  stage  of  rupture  of  the  carbon— hydrogen  bond 
during  protonization  of  the  hydrogen  by  the  base.  This  accounts  for  the  similarity  of  the  laws  governing  hydrogen 
exchange  with  strong  bases  on  the  one  hand  and  organic  reactions  proceeding  through  the  step  of  formation  of  car- 
banion  on  the  other  hand  (metalation,  isomerization  with  double-bond  shift,  alkylation). 
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In  continuation  of  our  work  on  direct  amination  of  N-substituted  benzimidazoles  and  our  study  of  the  proper¬ 
ties  of  die  resulting  amino  compounds,  we  treated  1-methyl-  and  5-mcthoxy-l-(y -diethylaminopropyl)-bcnzi- 
inldazoles  with  sodium  amide.  In  both  cases  reaction  takes  place  with  ease  and  leads  to  the  2-amino  derivatives 
in  fairly  good  yields.  5-Methoxy-l-methylbenzimidazole  has  also  been  subjected  to  amination  but  under  different 
cx)iiditions  [1];  2-alkylbenzimidazoles  in  dimethylaniline  solution  arc  aminated  at  a  lower  temperature  and  greater 
speed  than  in  a  xylene  medium.  Employment  of  freshly  prepared  sodium  amide  does  not  appear  to  influence 
the  course  of  the  process. 

In  the  amino  compounds  of  the  benzimidazole  series  that  we  prepared,  the  amino  group  manifests  the  same 
properties  as  in  otlicr  heterocycles  in  which  it  is  in  the  a  position  to  the  N-heteroatom.  These  properties  are  con¬ 
ditioned  by  the  sharp  fall  in  the  electron  density  at  the  N  atom  of  the  amino  group  due  to  the  influence  of  the  N- 
heteroatom  [2},  this  influence  is  especially  marked  in  an  acid  medium,  where  the  heteroatom  passes  into  the  onium 
state.  Consequently,  2-amino  derivatives  of  l-alkylbenzimidazole,  like  2-aminobcnzimidazole  itself  [3],  only 
form  a  monohydrochloride  under  the  action  of  hydrochloric  acid  and  are  not  diazotized  even  with  the  aid  of  nitro- 
sylsulfuric  acid;  they  are  transformed  into  azomethines  only  by  interaction  with  ortho-  or  para-nitrobenzaldehyde, 
do  not  react  with  nitrosobenzene  and,  unlike  a-aminopyridine  [4],  do  not  enter  into  reaction  witli  2,4-dinitrochloro- 
benzene  in  boiling  alcoholic  solution  in  presence  of  sodium  acetate.  Treatment  under  tfiese  conditions  with  picryl 
chloride  leads  not  to  the  picryl  derivative  but  to  the  picrate  of  the  original  base,  i.e.,  picryl  chloride  does  not 
react  witli  the  amino  group  but  undergoes  hydrolysis.  Strong  acetylating  agents  —  6  -anthraquinonesulfochloride 
(in  a  pyridine  medium),  p-nitrobenzoyl  chloride  (in  presence  of  sodium  bicarbonate)  and  acetic  anhydride  —  easily 
convert  the  amino  compounds  to  acyl  derivatives.  It  may  be  assumed  that  in  this  case,  just  as  in  the  acylation  of 
a-aminopyridinc  [5],  tlic  acyl  group  joins  on  at  the  nitrogen  not  in  the  ring. 

Since 2-benzylbenzimidazole  [G]and  5-amino-2-benzimidazole  [7]  possess  strong  biological  activity. 

It  was  of  interest  to  study  the  biological  activity  of  our  derivatives  of  2-aminobenzimidazole.  Tests  carried  out 
in  the  department  of  pharmacology  of  the  N.  F.  Vanieva  Rostov  State  Medical  Institute  under  the  direction  of  N. 

A.  Gubareva  showed  that  2-amino-l-mothylbenzimidazole  hydrochloride  and  the  hydrochloride  of  its  5-methoxy 
derivative  lower  the  blood  pressure  of  laboratory  animals. 

EXPERIMENTAL 

2-Amino-l-methylbcnzimidazolc.  a)  Sodium  amide  (from  0.45  g  of  sodium  in  liquid  ammonia)  and  2.0  g 
of  1-methylbenzimidazoIe  were  heated  in  20  ml  of  dry  xylene  with  mechanical  stirring  to  130"  and  held  at  this 
temperature  until  cessation  of  evolution  of  hydrogen  (3-4  hr).  After  cooling,  10  ml  of  water  was  slowly  run  in 
and  the  layers  were  separated.  The  reaction  product  was  extracted  from  the  xylene  layer  witli  hydrochloric  acid 
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(1 :  2),  the  extract  was  mixed  with  the  aqueous  layer  which  was  then  neutralized  with  caustic  alkali  and  evaporated 
to  dryness  in  vacuo.  The  amine  was  extracted  from  the  dry  residue  with  boiling  toluene.  Snow-white  crystals  with 
m.p.  201-202“  (from  benzene).  Soluble  in  water  and  alcohol,  insoluble  in  ether.  Yield  1.15  g  (52‘5'o). 

b)  Sodium  amide  (from  0.G5  g  of  sodium  in  liquid  ammonia)  and  3  g  of  1-methylbenzimidazole  were  heated 
in  15  ml  of  dry  dimethylaniline  with  mechanical  stirring.  Hydrogen  started  to  come  off  at  about  60*  and  evolu¬ 
tion  was  intensified  with  further  temperature  rise,  becoming  violent  between  90  and  110*  it  then  slowed  down 
after  2-3  min.  Heating  was  continued  at  110-115*  until  hydrogen  ceased  to  come  off  (after  about  an  hour).  To 
tile  cooled  reaction  mixture  were  added  1.5  ml  of  water  and  20  ml  of  benzene  or  toluene,  and  the  mixture  was 
thoroughly  stirred.  The  precipitate  was  filtered  (the  mother  liquor  was  substantially  free  of  reaction  product)  and 
rccrysiallLzed  from  benzene.  Yield  1.78  g  (54%). 

Found  %:  C  65.57,  65.72;  H  6.19,  6.34;  N  28.65.  CgH^Nj.  Calculated  %:  C  65.29;  H  6.16;  N  28.55 

Picrate.  A  yellow  precipitate  was  formed  when  an  alcoholic  solution  of  2-amino-l-methylbcnzimidazole 
was  heated  for  a  sliort  time  with  picryl  chloride  in  presence  of  sodium  acetate.  The  compound  melted  at  310* 
and  was  identical  with  the  picrate  of  this  base  prepared  by  the  usual  method. 

Found  %:  N  22.17,  22.33.  Cgl^Ng •  H0C6H2(N02)3.  Calculated  %:  N  22.34 

Hydrochloride.  Addition  of  3  ml  of  hydrochloric  acid  (1 :  2)  to  1  g  of  base  led  to  considerable  heating  and 
to  passage  of  tlie  compound  into  solution.  A  precipitate  came  down  on  cooling  and  was  suction- filtered  and  crys¬ 
tallized  from  alcohol.  Snow-white  crystals  with  m.p.  191-192*  (from  alcohol),  containing  one  molecule  of  water; 
readily  soluble  in  water.  Yield  nearly  quantitative. 

Found  %:  Cl  17.29;  H2O  9.28.  CgHjNj  •  HCl  •  HjO.  Calculated  %:  Cl  17.58;  HjO  8.93 

2-(2*-Nitrobenzyiidene)-amino- 1-methylbenzimidazole.  A  solution  of  0.5  g  of  2-amino- 1-methylbenzi¬ 
midazole  and  0.5  g  of  o-nitrobenzaldchyde  in  10  ml  of  alcohol  was  boiled  for  5  hr.  Yield  0.8  g.  Brick-red 
crystals  with  rn.p.  159-160*  (from  alcohol). 

Found  %:  N  19.96.  Ci5Hi202N4.  Calculated  %:  N  19.99 

2-Acctamino-l -rncthylbcnzimidazolc.  Prepared  by  reaction  of  2-amino-l-methylbenzimidazole  with  ex¬ 
cess  of  acetic  anliydridc  in  the  cold.  Snow-white  crystals  with  m.p.  181-182*  (from  alcoliol),  insoluble  in  water. 

Found  %:  N  22.23;  22.50.  CioHnONg.  Calculated  %:  N  22.21 

2-(p-Nitrobenzoylamino)-mcthylbcnzimidazolc.  To  a  solution  of  0.4  g  of  2-atnino-l-methylbenzimidazole 
in  15  tnl  of  water  was  added  an  excess  of  sodium  bicarbonate  and  then  (with  shaking)  0.6  g  of  p-nitrobenzoyl  chlo¬ 
ride  dissolved  in  10  ml  of  benzene.  Shaking  was  continued  until  carbon  dioxide  ceased  to  come  off  (2-3  hr).  The 
yellow  precipitate  was  filtered  and  washed  with  water,  alcohol  and  ether.  Yield  nearly  quantitative.  Yellow 
crystals  witli  m.p.  293-294*  (from  dioxane),  insoluble  in  common  solvents,  soluble  in  hot  nitrobenzene. 

Found  %:  C  61.06,  61.28;  H  4.08,  4.22.  C15H12O3N4.  Calculated  %:  C  60.81;  H  4.08 

2-Amino-5-mcthoxy-l-mcihylbcnzimidazole  was  prepared  in  a  medium  of  dry  dimethylaniline  under  the 
conditions  described  for  2-amino-l-mcthylbcnzimidazolc.  Yield  55%.  M.p.  222*. 

Picrate.  Heating  with  picryl  chloride  in  alcoholic  solution  in  presence  of  sodium  acetate  gave  yellow  crys¬ 
tals  with  m.p.  298-299";  these  were  not  tlic  picryl  derivative  [1]  but  the  picrate  of  the  original  base;  no  depression 
of  melting  point  in  admixture  with  an  authentic  specimen  of  picrate  (m.p.  299*). 

Hydrochloride.  Prepared  like  tlie  hydrochloride  of  2-amino-l-methylbenzimidazole.  Snow-white  crystals 
with  m.p.  231-232"  (from  alcohol),  readily  soluble  in  water. 

Found  %:  Cl  15.30;  HjO  7.86.  CgHnONj*  HCl*  HjO.  Calculated  %:  Cl  15.30;  HjO  7.78 

2-(  8  -Anthraquinoncsulfamino)-5-methoxy-l-methylbcnzimidazole.  To  a  solution  of  0.3  g  of  2-amino-5- 
methoxy- 1 -methylbciizimidazole  in  5  ml  of  pyridine  was  added  0.65  g  of  8 -antliraquinonesulfochloridc.  The 
pyridine  was  evaporated  and  the  residue  crystallized  from  alcohol.  Yield  0.5  g  (80%).  Orange-yellow  crystals 
with  m.p.  244-245",  soluble  to  a  bluish-red  solution  in  dilute  ammonia.  The  color  changes  to  pale-yellow  when 
the  alkaline  solution  is  acidified  with  hydrochloric  acid,  and  the  hydrochloride  gradually  comes  down. 
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Found  ‘T'o;  S  7.21.  CzjHnOsNjS.  Calculated  ojo:  S  7.17 

5-Mcthoxy-l-(y-diethylaminopropyl)-bcn2imidazolc)was  prepared  by  heating  3-amino-4-(y -diethylamino- 
propyl  -anisolc  [8]  with  formic  acid.  A  colorless  oil, 

Dipicrate.  Yellow  crystals  with  m.p.  181-182*  (from  acetone). 

Found  o^o:  N  17.73,  17.G2.  CisMzaONa  •  2n0C6H2(N02)3.  Calculated  N  17.52 

2-Amino-5-mct}ioxy  -l-(dic.thylaminopropyl)-benzimidazolc  was  obtained  by  amination  of  5-mcthoxy-l- 
(y- dicthylaminopropyl)-bcnzimidazole  in  a  medium  of  dry  dimediylaniline  under  the  conditions  described  for 
2-annno-l-methylbcnzimidazole.  Yield  GS'T'o.  While  crystals  with  m.p.  127-128“  (from  benzene),  soluble  in  water 
and  alcohol. 

Found  N  20.19,  2O.24.C15H24ON4.  Calculated  fo:  N  20.27 

SUMMARY 

2- Amino-l-methylbenzimidazole  and  2-amino-l-(y -dicihylaminopropyl)-benzimidazole  were  synthesized 
by  direct  amination  and  some  of  their  properties  were  studied. 

LITERATURE  CITED 

1.  A.  M.  Simonov  and  P.  A.  Uglov,  Zhur.  Obshchei  Khim.  884  (1951).  • 

2.  S.  Angyal  and  C.  Angyal,  J.  Chem.  Soc.  (1952)  p.  1461. 

3.  P.  Pierron,  Ann.  chim.  pliys.  8,  15,  192  (1908). 

4.  N.  F.  Turitsyna  and  A.  F.  Vompe,  Doklady  Akad.  Nauk  SSSR  509  (1950). 

6.  A.  E.  Chichibabin  and  A.  V.  Kirsanov,  Zhur.  Russ.  Khim.  Obshchestva  60,  650  (1928):  Ya.  L.  Gol'dfarb,  O.  N. 
Setkina,  and  Ya.  L.  Danyushevskii,  Zhur.  Obshchei  Khim.  129  (1948);  S.  I.  Lur'e,  Zhur.  Obshchei  Khim. 

20,  195  (1050):*  F.  Schmclkcs  and  M.  Rubin,  J.  Am.  Chem.  Soc.^,  1G31  (1944). 

6.  M.  D.  Mashkovskii,  Medicinal  Substances  [in  Russian]  (Medical  Press,  1957)  p.  212. 

7.  R.  Fciiclson  and  R.  Rotlistein,  J.  Chem.  Soc.  (1958)  p.  2426. 

8.  A.  M.  Simonov,  Zhur.  Obshchei  Khim.  2^,  1594  (1940). 


•  Original  Russian  pagination.  See  C.  B.  translation. 


612 
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February  26,  1959 

Original  article  submitted  February  26,  1959 


Thermal  transformation  of  alkylated  aromatic  hydrocarbons  is  accompanied  by  a  large  number  of  reactioru 
which  are  influenced  by  tlic  temperature,  the  catalyst  and  the  pressure.  The  benzene  ring  usually  remains  intact. 
It  was  established  [1]  that  at  500-550*  detachment  of  the  side  chain  occurs  predominantly.  It  was  shown  [2]  that 
pyrolysis  of  ethylbenzene  at  600-650*  gives  14‘yo  benzene,  Id'fo  toluene,  and  17'7o  styrene.  A  study  of  breakdown 


Fig.  1.  Infrared  spectrum  of  mixture  of  xylenes  obtained  in  an 
experiment;  a)  with  o-xylene;  b)  with  m-xylene;  c)  with  p- 
xylene. 


of  benzene  homologs  [3]  over  aluminosilicate  catalysts  at  450*  revealed  that  ethylbenzene  is  converted  to  benzene 
and  ethylene,  while  toluene  undergoes  radical  migration  with  formation  of  benzene  and  xylene. 

Most  of  the  investigations  of  thermal  transformations  of  benzene  homologs  have  been  conducted  at  temper¬ 
atures  giving  rise  to  secondary  changes  in  the  primary  reaction  products.  A  series  of  investigations  [4-6]  at  relative¬ 
ly  low  temperatures  showed  that  the  original  alkylbenzenes  undergo  considerable  change  without  rupture  of  the 
ring  or  the  side  chains.  Thus,  a  mixture  of  xylenes  is  converted  at  300*  to  the  extent  of  30<7o  into  benzene,  methyl- 
benzene,  and  tri-  and  tetramethylbenzenes  [5].  Among  the  products  of  thcrmocatalytic  conversion  of  p-cymene 
at  250*  were  toluene,  xylenes,  diisopropylbenzene,  and  1,3,5-mctliyldiisopropylbenzene  [6].  Consequently,  wc 
can  regard  migration  of  intact  radicals  in  alkylbenzenes  asprimary  rcacttonssincc  they  proceed  at  temperatures  of 
the  order  of  150-300*. 
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absorption 


TABLE  1 


Fractions 

Hydrocarbon 

Yield 
(in  %) 

Bailing  point 

d.* 

79—  80®  ...  . 

Benzene 

0.25 

79.4® 

1.5002 

107-110  .... 

Toluene 

16.5 

108.4—109 

0.8657 

1.4959 

130-150  .... 

163-164  .... 

Xylenes 

Mesitylene 

67.8 

8.45 

135—145 

163.6-163.9 

0.8663 

1.5040 

Residue . 

— 

1.45 

— 

_ 

— 

Losses  . 

5.55 

TABLE  2 


Fractions 

Hydrocarbon  j 

Yield 

(in  <70) 

Bailing  point 

<^4 

20 

1  "D 

1 

79-80® . 

Benzene 

0.2 

79.2® 

1.5000 

107-110 . 

Toluene 

12.9 

108.5—109 

0.8650 

1.4955 

130-150  . 

Xylenes 

71.2 

135.5—145 

— 

— 

163-165  . 

Mesitylene 

9.90 

164.5—165.0  ! 

0.8637 

1.5037 

Residue . 

— 

0.2 

— 

— 

— 

Losses  . 

5.6 

TABLE  3 


Fractions 

Hydrocarbon 

Yield 
(in  fa) 

Boiling  point 
of  cut 

20 

"D 

79  80®  . 

Benzene 

0.2 

79.4® 

_ 

1.5000 

110—112 . 

Toluene 

14.5 

110.5-111 

0.8652 

1.4955 

130—150  . 

Xylenes 

61.3 

135  —144 

— 

— 

162—164  . 

Mesitylene 

13.0 

163.5-163.8 

0.8644 

1.5040 

188—191 . 

Durene 

3.1 

189.5-190 

— 

— 

Residue  . 

— 

0.3 

— 

— 

— 

Losses  . 

_ 

7.6 

_ 

.  2000  1650  cm~^ 

Fig,  2.  Infrared  spec¬ 
trum  of  mesitylene. 


The  objective  of  the  present  work  was  to  study  the  primary  thermocatalytic 
transformations  of  isomeric  xylenes  over  clays  in  order  to  compare  their  reactivity 
under  identical  conditions. 


EXPERIMENTAL 

In  all  experiments  the  catalyst  was  a  natural  active  clay  (gumbrin).  Experi¬ 
ments  were  run  in  a  steel  autoclave  at  300"  for  10  hr  at  a  pressure  of  30  atm.  The 
hydrocarbon/ catalyst  ratio  was  1 : 1.  There  were  no  gaseous  products  in  any  of  the 
experiments.  Hydrocarbons  adsorbed  on  the  catalyst  were  recovered  by  refluxing 
with  water  in  a  flask.  Infrared  absorption  spectra  of  the  prepared  xylenes  were  ob¬ 
tained  with  an  IKS- 11  instrument.  For  determination  of  the  ratios  of  isomers  we 
selected  the  700-800  cm”^  region  and  calculated  the  optical  densities  at  745  cm"^ 
(for  o-xylenc),  at  770  cm"‘  (for  m-xylene)  and  797  cm”^  (for  p-xylene)  [7,  8]. 

The  ratio  of  isomers  in  the  mixture  was  found  from  the  optical  densities.  A  stand¬ 
ard  mixture  of  equal  parts  of  pure  specimens  of  the  isomeric  xylenes  was  prepared 
beforehand  and  spectrographed  under  the  conditions  employed  for  the  experimental 
mixtures  (depth  of  bed  27  fi,  width  of  slit  0.45  mm). 


The  accuracy  of  measurement  was  checked  by  plotting  tlic  IR  spectra  of  mixtures  of  pure  xylenes  whose  com¬ 
positions  were  close  to  those  obtained  in  the  experiment.  The  ratios  of  optical  densities  of  the  characteristic 
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absorption  bands  were  found  to  coincide  nearly  com¬ 
pletely  with  the  ratio  of  isomers  in  a  mixture.  Maxi¬ 
mum  deviation  ±  l.S^/o, 

The  toluene  and  mesitylene  formed  were  char¬ 
acterized  by  specific  gravity,  boiling  point,  and  re¬ 
fractive  index.  Oxidation  of  mesitylene  with  satur¬ 
ated  potassium  pcimanganate  solution  gave  trimesic 
acid.  Tlie  infrared  absorption  spectrum  also  confirms 
the  structure  of  1 ,3,5-trimethylbcnzcnc  for  the  mesity¬ 
lene  [7,  9,  10]  (Fig.  2).  Durene,  obtained  in  the  ex¬ 
periment  with  p-xylcnc,  was  characterized  by  boiling 
point,  melting  point,  and  molecular  weight.  Carbon 
and  hydrogen  contents  found  by  elemental  analysis  are  close  to  the  calculated  values.  The  structure  of  1,  2,  4,5- 
tetramethylbenzene  is  confirmed  for  the  durene  by  the  infrared  absorption  spectrum  [8], 

I.  Experiment  with  o- xylene.  Starting  from  165  g  of  o-xylene,  143.7  g  of  catalyzate  was  obtained. 

The  infrared  absorption  spectrum  of  the  135-145*  fraction  was  plotted  in  the  700-800  cm"^  region  (Fig,  1), 
Amounts  found  were  o-xylene  21.0%  m-xylene,  25,7%,  and  p-xylene,  15.1%.  Reproducibility  iO.8% 

The  163.6-163.9*  fraction  was  oxidized  to  trimesic  acid  with  KMn04  solution.  M.p,  374*. 

Found:  equiv.  69.06,  M  207.18.  C6H3(COOH)3.  Calculated:  equiv.  70.04,  M  210.14. 

The  infrared  absorption  spectrum  of  the  fraction  was  plotted  in  the  1650-2000  cm"*  region  (Fig.  2), 

II.  Experiment  with  m-xylene.  From  260  g  of  m-xylene  was  obtained  232  g  of  catalyzate. 

The  infrared  absorption  spectrum  of  the  135.5-145*  fraction  in '.he  700-800  cm"*  region  indicated  a  con¬ 
tent  of  o-xylenc  23.8%,  m-xylcnc  29.1%,  p-xylene  18.3%  (Fig.  1).  Reproducibility  i2,4%. 

Oxidation  of  the  164.5-165*  fraction  gave  trimesic  acid.  M.p.  373*.  The  absorption  spectrum  of  mesitylene 
was  plotted  (Fig.  2). 

III.  Experiment  with  p-xylene.  From  190  g  of  p-xylene  was  obtained  169.7  g  of  catalyzate. 

The  infrared  absorption  spectrum  of  tlie  135-144*  fraction  (Fig.  1)  indicated  a  composition  of  o-xylene 
16.1%,  m-xylene  22.6%,  p-xylcnc  22.6%.  Reproducibility  iO.5%. 

Oxidation  of  the  163.5-163.8*  fraction  with  saturated  KMn04  solution  gave  trimesic  acid,  M.p.  374*. 

Found:  equiv.  69.3,  M  207.9.  C6H3(COOH)3.  Calculated:  equiv.  70.04,  M  210.1. 

Tile  absorption  spectrum  of  mesitylene  was  plotted  (Fig.  2), 

The  189.5-190*  fraction  is  durene.  M.p.  78*. 

Found  %:  C  89.40;  H  10.38.  M  130.1.  C6n2(CH3)4.  Calculated  %:  C  89.55;  H  10.45.  M  134. 

The  infrared  absorption  spectrum  of  durene  was  plotted  (Fig.  3). 

All  the  prepared  xylenes  give  approximately  equal  quantities  of  benzene,  toluene,  and  isomeric  xylenes. 

Due  to  its  greater  reactivity,  p-xylcnc  forms  more  mesitylene  and  is  the  only  isomer  to  form  durene.  The  facil¬ 
ity  with  which  ilic  reaction  can  be  realized  and  the  relative  simplicity  of  separation  of  the  products  enables  the 
process  of  transformation  of  xylenes  over  clays  to  be  used  for  the  production  of  toluene,  isomeric  xylenes  and  poly- 
methylbenzcnes.  Tliesc  transformations  on  the  basis  of  migration  of  the  intact  aliphatic  radicals  can  also  be  ap¬ 
plied  to  hydrocarbons  containing  more  complex  radicals  (up  to  amyl);  in  this  case  tlie  radical  splits  off  in  the  form 
of  an  aliphatic  hydrocarbon. 


I _ _  i _ i,  ,  *  ,  i - 1  i 

1600  1500  uoo  fJOO  fcOO  WO  1000  SoO  soo 

Fig.  3.  Infrared  spectrum  of  durene. 


SUMMARY 

A  study  was  made  of  the  thermal  transformations  of  all  the  isomeric  xylenes  at  300*  over  gumbrin.  For  each 
of  the  isomers  the  contents  of  benzene,  toluene,  isomeric  xylenes  and  mesitylene  were  determined  in  the  reaction 
products.  Under  similar  conditions  p-xylene  gave  the  liighcst  yields  of  mesitylene  and  durene. 
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It  is  known  [1]  that  heating  of  iminoester  hydrohalides  usually  leads  to  quantitative  breakdown  to  amides 
and  alkyl  halides.  Pyrolysis  of  amide  hydrohalides,  on  the  otlicr  hand,  has  been  less  extensively  studied,  and  the¬ 
ories  of  its  mechanism  arc  conflicting  [2-4].  Moreover,  amide  hydrohalides  are  probably  [5]  halides  of  imonium- 
hydrins  and,  therefore,  have  a  structure  resembling  that  of  salts  of  iminoesters.  Unlike  iminoesters,  which  exist 
in  the  free  state,  imoniumhydrins  easily  isomcrize  to  amides.  It  was,thcreforc,of  interest  to  study  die  pyrolysis 
of  some  amide  salts  that  we  had  synthesized  [5]. 

Pyrolysis  of  the  imoniumhydrin  of  6  -cyanovaleryl  chloride  (I)  gave  hydrogen  chloride,  ammonium  chloride, 
the  previously  unknown  di-(6  -cyanovalero)-amide  (II),  6 -cyanovaleric  acid  (III),  adiponitrile  (IV),  adipimide  (V), 
6  -cyanovaleramide  (VI),  and,  apparently,  6  -cyanovaleric  anhydride  (VII), 


We  sec  from  the  data  presented  in  Table  1  that  with  increasing  duration  of  heating  the  content  of  secondary 
amide  (11)  in  die  pyrolysis  products  decreases,  but  at  the  same  time  there  is  an  increase  in  the  content  of  adiponit¬ 
rile  (IV)  and  acid  (III)  [together  with  die  product  of  its  isomerization  [6]—  the  imide  (V)].  It  follows  that  the 
primary  products  of  pyrolysis  of  (1)  are  hydrogen  chloride,  ammonium  chloride  and  secondary  amide  (II), 


Heating  of  amide  (II)  gives  nitrile  (IV)  and  acid  (III)  [7],  which  partly  isomerizes  to  imide  (V).  Acylation 
[2,  8]  of  secondary  amide  (II)  by  6  -cyanovaleric  acid  (III)  leads  to  the  amide  (VI)  and  anhydride  (VII).  It  must 
be  noted  that  6  -cyanovalerimide  may  in  part  also  be  a  product  of  direct  dissociation  of  (I), 


a) 


b) 


c) 


J) 


NC(CH2)4C 


\ 


OH  J 


(I) 


Cl  — >  HCl  4-  NH4CI  +  NC(CH2)4C-NII-C(CH2)4CN; 

I  ii 

(11) 

yO 

(II)  ^  NC(CH2)4G  +  NC(CH,)4GN; 

'^OII 

(III)  (IV) 

(III)  0=(f  C=0; 

\nh^ 

(V) 

^0 

(II)  +  (III)  — ►  NC(CH2)4(:  4  NG(CH2)4C-0-C(CH2)4CN; 

\nii,  ^  ^ 

(VI)  (VII) 

yO 

(II)  4  H2O  ->  (VI)  4  NC(Cll2)«G  ; 

\0H 

(III) 
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TABLE  1 

Pyrolysis  of  6-Cyanovalcryl  Chloride  Imoniumhydrin  (I)  at  180! 


Duration 

(hr) 

Composition 

of  pyrolysis  product  (in  moles  per  mole  of  cliloridc(I)] 

hydrogen 

cfiloridc 

ammo¬ 

nium 

chloride 

cro)- 

amidc(II 

adip- 

imidc(V) 

6 -cyano 

valeric 

acid(lll) 

adipo¬ 

nitrile 

(IV) 

6-cyano- 

valer- 

ml"" 

6-cyano- 
vajcric  , 
aniiydride 
(Vli) 

0.5 

0.59 

0.44 

0.22 

0.02 

0.19 

0.20 

0.11 

0.02 

1 

0.57 

0.45 

O.lfi 

0.08 

0.16 

0.25 

0.11 

0.03 

3 

0.57 

0.4  f) 

0.02 

0.05 

0.36 

0.36 

0.10 

0.03 

2* 

0.44 

0.51 

— 

— 

0.41 

0.40 

0.07 

0.05 

•  In  a  sealed  ampoule. 

We  verified  the  structure  of  sec-amide  (II)  by  hydrolyzing  it  in  presence  of  acid  and  caustic  alkali.  Hydrol¬ 
ysis  gave,  apart  from  (111)  and  (IV)  which  arc  hydrolysis  products  (reaction  £),  adiponitrile  resulting  from  the  con¬ 
current  reaction  b. 

The  instability  of  (II)  when  heated  in  an  acid  medium  [2,  3]  accounts  for  its  absence  in  an  experiment  in 
a  scaled  tube  in  which  hydrolysis  took  place  in  a  hydrogen  chloride  atmosphere. 

Tor  the  purpose  of  confirmation  of  the  proposed  mechanism  of  pyrolysis  of  amide  hydrochlorides,  we  also 
subjected  the  chlorides  of  the  imoniumhydrins  of  benzoic  (VIII)  and  acetic  acids  (IX)  to  pyrolysis.  We  see  from 
the  data  of  Table  2  that  the  pattern  of  thermal  decomposition  of  (VIII)  and  (IX)  is  similar  to  that  described  above. 
Here,  however,  instead  of  anhydrides  we  obtain  acid  chlorides,  and  this  may  be  explained  as  a  result  of  interac¬ 
tion  with  hydrogen  chloride  cither  of  the  anhydride  [9]  or  of  the  secondary  amide. 

Consequently,  hydrogen  halides  arc  catalysts  for  pyrolysis  of  amides.  Since  amides  are  converted  to  Imlno- 
hydrins  [5]  in  presence  of  hydrogen  halides,  it  may  be  suggested  that  under  conditions  of  thermal  breakdown, 
amides  react  in  the  iminohydrin  (lactim)  form,  and  the  mechanism  of  pyrolysis  of  free  amides  is  the  same  as  that 
of  their  hydrohalides. 


EXPERIMENTAL 

Imoniumhydrins  of  Carboxylic  Acid  Chlorides.  Chlorides  of  imoniumhydrins  of  6  -cyanovaleric  (I)  and  ben¬ 
zoic  acid  (VIII)  were  synthesized  by  the  metliod  of  [5].  (I)  was  subsequently  rccrystallized  from  a  mixture  of  glaci' 
al  acetic  acid  and  ether.  The  chloride  of  the  imoniumhydrin  of  acetic  acid  was  obtained  by  passing  dry  HCl  into 
a  solution  of  acetamide  in  CHCI3  [4]. 

Di-(6 -cyanovalcro)amide  (II).  Refluxing  of  44  g  of  (I)  was  carried  out  at  180*  in  a  round-bottomed  flask 
until  the  weight  had  decreased  by  5  g  owing  to  loss  of  HCl  (1  hr).  The  pyrolysis  product  was  treated  with  water 
and  14.8  g  of  precipitate  was  obtained.  This  was  recrystallized  from  hot  water  to  give  adipimidc  with  m.p.  176*; 
the  melting  point  was  not  depressed  in  admixture  with  authentic  adipimide  [G].  On  cooling,  the  motlier  liquor 
deposited  lO.G  g  (237o)  of  (II)  with  m.p.  138-140*  (twice  rccrystallized  from  water). 

Found  C  60.68;  H  7.30;  N  17.34.  M  (in  glacial  acetic  acid)  230.  Ci2Hi702N3.  Calculated  ^0:  C  61.27; 

H  7.25;  N  17.87.  M  235. 

Insoluble  in  benzene,  chloroform,  readily  soluble  in  glacial  acetic  acid  and  dimethylformamide;  gives  a 
positive  reaction  for  an  acyclic  secondary  amide  [11]. 

After  10  g  of  (II)  had  been  boiled  for  an  hour  with  1000  ml  of  0.1  N  HCl,  the  aqueous  solution  was  evapor¬ 
ated. .The  resulting  viscous  liquid  was  treated  with  benzene  and  deposited  crystals  of  6-cyanovalcramidc  with 
m.p.  82*;  no  depression  in  a  mixed  melting  test  [6].  Vacuum  fractionation,  after  removal  of  solvent  from  the  ben¬ 
zene  solution,  gave  6  -cyanovaleric  acid  (identical  with  the  previously  prepared  [6]  substance  which  hydrolyzes 
with  40<7o  H2SO4  to  adipic  acid)  and  adiponitrile  with  b.p.  146*  (5  mm)  containing  24^o  of  nitrile  nitrogen. 
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TABLE  2 

Thermal  Decomposition  of  Imoniumhydrins  of  Benzoyl  (VIII)  and  Acetyl  (IX)  Chlorides 


Start- 

ing 

SUD- 

stance 

Tem¬ 

per¬ 

ature 

1 

Dura¬ 

tion 

(inlir) 

Composition  of  pyrolysis  product  [in  moleVhiole 

of(VIII)and(IX)l 

hydrogen 
cnloride  j 

ammo-  | 
nium  , 
chloride 

second¬ 

ary 

arnide 

acid 

nitrile 

amide 

acid 

chlo¬ 

ride 

unreacted 

product 

1 

VIM  1 

l/iO® 

1 

0.4G 

1 

0.41  1 

0.42 

0.03 

0.03 

0.08 

0.01 

VIIF  1 

liO 

3 

0.11 

0.51 

0.22 

0.19 

0.13  1 

0.16 

0.09 

— 

IX 

170 

1 

0.37 

0.51 

0.33 

0.10 

0.08 

0.07 

0.01 

0.05 

IX 

1 

170 

3 

0.49 

0.14 

1  0.21 

0.23 

0.20 

0.09 

0.03 

Pyrolysis  of  the  Imoniumhydriii  of  6  -Cyanovaleryl  Chloride  (I).  36  g  of  (I)  was  heated  as  described  above 
for  3  hr  and  the  pyrolysis  produci(31.4g)  was  treated  with  dry  benzene  to  give  filtrate  A  and  10.8  g  of  solid  B. 

The  latter  was  washed  with  cold  water  until  chloride  ions  had  disappeared  to  give  filtrate  C  and  2.5  g  of  white 
crystals  from  which  by  recrystallizaiion  from  hot  water  was  isolated  1  g  of  (II)  and  1.4  g  of  adipimide.  The  latter 
was  identical  witli  the  preparation  described  above.  Filtrate  C  was  evaporated  to  dryness  and  the  residue  extracted 
with  ethyl  acetate  to  give  5.4  g  of  ammonium  chloride;  the  solvent  was  driven  off  from  the  ethyl  acetate  solution 
to  leave  2.8  g  of  6  -cyanovaleramide  with  m.p.  64“;  no  depression  in  admixture  with  authentic  6  -cyanovaler- 
amide  [6].  Fractional  distillation  of  filtrate  A  in  vacuo  yielded  two  fractions:  1st  (8.6  g)  with  b.p.  140-146*  (5  mmX 
containing  of  nitrile  nitrogen  which  corresponded  to  adiponitrile;  2nd  (10  g)  with  b.p.  160-167*  (5mm)  con¬ 
taining  11.6'7(jof  nitrile  nitrogen  and  having  an  equivalent  of  137,  in  agreement  with  values  for6  -cyanovaleric 
acid.  In  a  neutralized  sample  of  the  pyrolysis  product,  after  boiling  with  water  for  10  min,  the  content  of  6  -cy¬ 
anovaleric  anhydride  was  found  by  direct  titration  in  presence  of  phenolphthalein  to  be  4.8  weight  «foof  the  origin¬ 
al  substance. 

Pyrolysis  of  Benzoyl  Chloride  Imoniumhydrin  (VIII).  Pyrolysis  of  11.2  g  of  (VllI)  led  to  release  of  1.06  g  of 
hydrogen  chloride.  The  pyrolysis  product  was  cruslied  in  a  mortar  and  treated  with  60  ml  of  benzene.  The  un- 
dissolvcd  white  powder  (3.3  g)  was  waslied  with  cold  water  until  free  of  chloride  ions;  there  was  obtained  1.35  g 
of  benzamide  with  m.p.  123’;  no  depression  in  a  mixed  melting  point  test.  From  the  wash  liquors  was  isolated 
1.95  g  of  ammonium  chloride.  Removal  of  the  greater  part  of  the  benzene  led  to  deposition  of  5.8  g  of  white 
crystals  (D).  Fractional  distillation  of  the  filtrate  gave  0.95  g  of  benzonitrile  with  n^°D  1.5291;  it  gave  benzoic 
acid  on  boiling  with  5  ml  of  50%  H2SO^. 

Crystals  D  contained  4.5%  of  total  nitrogen  and  the  same  proportion  of  secondary  amide  nitrogen;  hence  D 
contained  72%  of  dibenzamide  and  28%  of  benzoic  acid.  The  latter  was  isolated  by  sublimation.  The  imide  nitro¬ 
gen  content  was  determined  by  hydrolyzing  a  weighed  sample  in  the  cold  with  0.5  N  NaOH.  The  imide  nitrogen 
content  was  calculated  from  the  fall  in  alkalinity  of  the  solution.  Benzamide  is  stable  under  the  specified  con¬ 
ditions  of  hydrolysis.  The  chlorine  content  (14.8%)  and  the  ammonium  nitrogen  (5.0%)  were  determined  in  the 
pyrolysis  product.  The  content  of  benzoyl  chloride  was  calculated  from  the  difference  between  the  chlorine  con¬ 
tent  of  the  pyrolysis  product  and  in  the  ammonium  chloride. 

Pyrolysis  of  Acetyl  Cliloridc  Imoniumhydrin  (IX).  Floating  of  2.7  g  of  (IX)  gave  2.33  g  of  pyrolysis  product 
(with  a  pungent  odor  of  acetyl  chloride);  treatment  of  1  g  with  30  ml  of  chloroform  gave  0.37  g  of  white  powder 
whose  ammonium  and  amide  nitrogen  contents,  as  well  as  the  quantity  of  acetamide  formed  on  hydrolysis,  indic¬ 
ated  a  composition  of  86%  NFl^Cl  and  14%  unreacted  (IX).  The  residue  was  analyzed  for  contents  of  ammonium, 
amide,  and  nitrile  nitrogen  by  the  method  of  [12].  Chlorine,  acidity,  and  imide  nitrogen  were  also  determined 
by  the  above  procedure. 

Found  %:  Cl  24.8;  N  (ammoniacal)  8.0;  N  (amide)  1.9;  N  (nitrilic)  1.3;  N  (imidic)  5.4;  acidity  (to  phenol¬ 
phthalein)  2.7  molar-equiv./g. 

The  quantity  of  acetyl  chloride  formed  was  calculated  from  the  difference  between  the  total  chlorine  and 
the  chlorine  in  the  NH4CI  and  unreacted  (IX).  Its  presence  was  confirmed  by  reaction  with  aniline  which  gave 
acetanilide  with  m.p.  114*;  no  depression  in  a  mixed  melting  test.  Deduction  of  the  acidity  due  to  the  acetyl 
chloride  and  unreacted  (IX)  from  the  total  acidity  gave  the  acetic  acid  content. 
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SUMMARY 


The  mechanism  of  pyrolysis  of  the  hydrochlorides  of  6  -cyanovaleramidc,  benzamide  and  acetamide  was  in¬ 
vestigated.  It  was  shown  that  the  primary  reaction  products  arc  hydrogen  chloride,  ammonium  chloride,  and 
secondary  amine.  The  latter  breaks  down  to  acid  and  nitrile  and  also  reacts  with  the  acid  to  form  the  amide  and 
anhydride  (or  acid  chloride).  The  previously  unknown  di-(6  -cyanovaler)-amidc  was  prepared. 
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In  the  preceding  communication  [1]  it  v/as  shown  that  3-methyl-4-benzoyl-5-isoxazolonc  (la)  exists  In  the 
crystalline  state  in  the  form  of  hydroxyisoxazolc  (lb).  Its  citloride  (II)  has  the  properties  of  a 0  -chlorovinyl  ketone 
and  can  react  both  at  the  clilorinc  atom  and  at  the  carbonyl  group.  Thus,  for  example,  it  reacts  with  hydrazine 
to  give  4’-phcnylpyrazoloisoxazole  (III). 
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It  was  of  interest  to  prepare  analogous  bicyclic  compounds  containing  hydrogen  in  the  4*-position  in  place 
of  phenyl.  It  was  planned  in  this  connection  to  synthesize  at  first  the  chloride  resembling  (II)  from  3-rnethyl-4- 
formyl-5-isoxazolonc  (IVa). 


The  crystalline  potassium  salt  of  the  formylisoxazolonc  was  prepared  as  far  back  as  1913  by  Dains  and 
Griffin  [2].  Papini  and  Roversi  [3]  isolated  the  free  formylisoxazolonc  and  regarded  it  as  the  first  aldehyde  of 
the  isoxazolone  series.  Cook  and  Shaw  [4]  confirmed  the  aldehydic  character  of  isoxazolone  (IV)  which  differen¬ 
tiates  it  from  the  oxazole  analog  with  an  oxymethylenic  structure. 


However,  the  very  first  experiments  with  formylisoxazolone  (IV)  and  a  study  of  its  infrared  spectrum  forced 
us  to  doubt  the  validity  of  die  above  claims.  Substance  (IV)  gives  a  distinct  color  reaction  with  ferric  chloride 
and  reacts  vigorously  with  thionyl  chloride  to  form  a  crystalline,  unstable  chloride.  These  data  rule  out  the  al¬ 
dehyde  structure  of  (IVa)  and  indicate  the  presence  of  an  cnolic  group. 
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Melts  without  decomposition. 


The  most  probable  structure  of  the  two  possible  eiiolic  forms  (IVb  and  IVc)  was  established  by  examination 
of  the  infrared  spectra.*  The  infrared  spectrum  contains  two  strong  but  diffuse  bands  in  the  3410  and  3240  cm'* 
region,  which  indicate  the  presence  of  a  hydroxyl  group  linked  by  an  intramolecular  and  (evidently)  interrnolec- 
ular  hydrogen  bond  to  the  carbonyl.  The  strong  (narrow)  absorption  band  at  1730  cm"*  found  in  the  spectrum  cor¬ 
responds  to  the  valence  vibration  of  the  carbonyl  of  an  unsaturated  lactone,  which  indicates  the  oxymethylene- 
Isoxazolone  structure  (IVc)  and  not  the  a, 0 -unsaturated  aldchydic  structure  (IV'b)  [5]. 

Structure  (IVc)  is  confirmed  by  an  investigation  of  the  products  of  reaction  of  various  amines  with  the  formyl 
derivative  of  the  oxazolone.  This  reaction  led  to  a  good  yield  of  crystalline  substances  (Table  2)  which  arc  soluble 
in  the  cold  in  very  dilute  alkali  and  arc  brought  down  from  the  solutions  by  acid.  The  color  reaction  for  cnolic 
hydroxyl  with  ferric  chloride  is  negative.  Therefore,  the  structure  of  the  azomctliine  aldehydic  form  (IVb)  is  im¬ 
probable  for  these  compounds.  They  must  be  regarded  as  vinylogs  of  amides  of  structures  (VI- XVII)  whose  acidic 

I  I 

character  is  explained  by  tiie  presence  of  the  6 -aminovinylcarbonyl  grouping  — CO— C  =CH— NHR,  This  conclu¬ 
sion  is  in  harmony  with  the  infrared  data  of  some  of  the  prepared  compounds.  These  spectra  contain  absorption 
bands  characteristic  of  the  NH  in  secondary  amides,  and  two  amide  bands  (CONH)  in  the  double-bond  region  [5] 
(Table  1). 

The  same  vinylogs  of  amides  arc  obtained  when  the  unstable  chloride  reacts  witli  aniline,  mcthylamine, 
etc.  We  can  therefore  assign  to  the  chloride  obtained  from  the  oxymethylencisoxazolonc  tlic  structure  of  3-methyl- 
4-chloromcthylcne-5-isoxazolonc  (V). 

It  can  therefore  be  considered  established  that  compound  (IV)  is  the  oxymethylcneisoxazolonc  (IVc)  and  not 
the  aldehyde  of  isoxazolone  (IVa),  and  also  that  it  is  not  the  oxyisoxazolonc  (IVb)  —  the  analog  of  the  benzoyl 
derivative  (lb).  •  • 

In  comparing  oxymethylcnic  compound  (IVc)  with  the  benzene  analog  (Ib),it  is  interesting  to  note  that 
both  compounds  arc  fully  cnoli/.cd,  but  in  the  one  case  the  enolization  takes  place  at  the  expense  of  the  aldchydic 
carbonyl  (IVa-^lVc)  and  in  the  other  at  the  expense  of  the  carbonyl  in  the  ring***(Ia->Ib). 

In  order  to  account  for  the  existence  of  formylisoxazolonc  in  the  oxymcthyleneisoxazolone  form,  we  assume 

that  enolization  of  the  -0~CO—(!]H“CHOgroup  is  associated  with  a  very  much  greater  tendency  of  this  group  to  at¬ 
tract  a  proton  at  the  aldehydic  carbonyl  than  is  the  case  when  the  carbonyl  undergoes  lactonization.  In  this  res¬ 
pect  compound  (IV)  resembles  6 -aldchydoketoncs  and  0 -aldchydocstcrs,  whose  existence  in  tlie  oxymethylenic 
form  has  already  been  demonstrated  [6,  7]. 

Concerning  the  benzoyl  derivative  (I),  the  lower  electromeric  effect  of  the  ketonic  carbonyl  in  comparison 
with  that  of  the  aldehyde  [0]  and  the  intervention  of  a  scries  of  other  factors  (susceptibility  to  "aromatization"  of 
the  isoxazolone  ring  and  its  conjugation  with  the  phenyl)  cause  the  proton  to  be  retained  at  the  carbonyl  of  the 
lactone.  We  must  of  course  also  take  into  account  tlic  greater  stability  of  the  benzoyl  derivative  and  of  the  chlo¬ 
ride  derived  from  it  (Ib,  II)  in  comparison  with  analogous  compounds  not  conjugated  with  the  phenyl  (IVc  and  V). 

EXPERIMENTAL 

3-Methvl-4-oxymethylcneisoxazolone-5  (IV).  This  was  synthesized  by  the  method  of  [3].  Yield  40%.  M.p, 
145-147*  (143-l’44*  [4],  150*  [3]). 

*  3- Methyl -4-(methylaminomc.thylene)isoxazolone-5  (VI).  To  10  ml  of  alcohol  saturated  with  mcthylamine 

was  added  0.5  g  of  3-mcthyl-4-oxymethylcncisoxazolonc-5,  and  the  mixture  was  boiled  for  10  min.  Yield  81%. 
M.p,  205-207’  (from  alcohol)  (decomp.).  White  lustrous  needles. 

Found  %:  N  19.72.  CgllgOaNj.  Calculated  %:  N  19.99 


•  All  the  spcctrographic  data  refer  to  the  crystalline  substances. 

•  •  The  phenylhydrazonc  and  oxime  described  in  the  literature  [3]  must  likewise  be  regarded  as  oxymethylcnic 
derivatives. 

•  •  •  It  can  be  regarded  as  the  carbonyl  of  an  a,  0 -unsaturated  lactone. 
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The  same  procedure  was  followed  in  the  reactions  with  monoethanolamine,  thiourea,  thiosemicarbazide, 
o-aminophcnol,  anthranilic  acid,  2-aiTiino-4-mcthyl-5-carbcthoxythiazolc,  2-amino-4-phcnylthiazole,  p-nitro- 
phenylhydrazine,  benzoic  acid  hydrazidc,isonicotinic  acid  hydrazide  (Table  2), 

3-Mcthyl-4-(chloromcthylene)isoxazolone-5  (V).  In  a  flask  fitted  with  a  calcium  chloride  tube  3.0  g  of 
thoroughly  dried  3-mcthyI-4-oxynicthylcncisoxazolonc-5  and  7  ml  of  tliionyl  chloride  were  mixed.  The  temper¬ 
ature  fell  during  the  reaction.  After  gases  had  ceased  to  come  off,  the  content  of  the  flask  was  poured  into  30  ml 
of  dry  benzene.  The  greater  part  of  the  substance  dissolved.  The  filtered  solution  was  diluted  with  double  the 
quantity  of  ligroine.  The  resulting  precipitate  was  thenreprecipitated  from  benzene  with  ligroine.  The  light-yel¬ 
low  crystals  of  the  chloride  decomposed  in  the  air  in  the  course  of  a  few  minutes  so  that  the  product  could  not  be 
analyzed.  It  was  identified  in  the  form  of  the  anilide. 

3-Mcthyl-4-oxymcthylcneisoxazolonc-5  (0.5  g)  was  converted  to  the  chloride.  After  purification  by  re-  ^ 
precipitation,  the  chloride  was  quickly  treated  with  excess  of  aniline  in  solution  in  dry  benzene.  The  precipitate 
was  rccrysiallized  from  benzene.  Yield  0.35  g.  M.p.  158*.  The  product  was  identical  with  the  3-methyl-4- 
(phenylaminomethylcne)isoxazolone-5  described  in  the  literature  (m.p.  158*  [2]), 

The  infrared  absorption  spectra  (cm"*)  were  plotted  with  the  IKS- 12  spectrograph  in  the  2.5-5  n  regioni 
using  a  LiF  Prism  and  in  the  5-12  fi  region  using  a  NaCl  prism  for  compounds  (IV),  (VI),  (VII),  (XVII),  (X). 

(IV):  3410  (strong);  3240  (strong):  1730  (strong);  1660  (medium);  1610  (weak);  1305  (medium);  1165  (medium); 
1050  (weak);  1040  (weak);  990  (medium);  885  (weak);  796  (weak). 

(VI) :  3277  (strong);  2938  (medium):  1708  (strong);  1670  (strong);  1562  (medium);  1340  (medium);  1160 
(weak);  1140  (weak);  1055  (medium;;  1005  (weak);868  (weak). 

(VII) ;  3350  (strong);  3305  (strong);  2975  (medium);  2890  (medium)  1730  (strong);  1667  (strong);  1555  (me¬ 
dium). 

(XVII);  3230  (strong);  2970  (weak);  1705  (strong);  1645  (strong);  1600  (weak);  1550  (medium). 

(X):  3190  (strong);  3065  (strong);  2970  (weak);  1705  (strong);  1650  (strong);  1605  (weak);  1556  (medium). 

SUMMARY 

1.  It  was  shown  that  3-mcthyl-4-formylisoxazolonc-f>  (IVa)  has  the  structure  of  3-methyI-4-oxymcthyl- 
eneisoxazolone-5  (IVc),  i.e.,  it  is  lactonized  at  the  aldehyde  group  witli  retention  of  the  lactonic  carbonyl.  By 
contrast,  3-methyl-4-benzoylisoxazolonc-5  is  enolized  at  the  lactonic  carbonyl  and  is  a  5-liydroxy  derivative. 

2.  Reaction  of  3-methyl -4-oxymcthyleneisoxazolone-5  with  amines  gave  11  compounds  not  previously 
described  in  the  literature.  Tliese  substances  behave  like  amides  and  can  be  regarded  as  their  vinylogs.  Bands 
characteristic  of  amides  are  found  in  the  infrared  absorption  spectrum. 
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SYNTHESIS  OF  VINYL  MONOMERS 

VII.  6 -(VINYLETITYNYL)  ETHANOL  AND  y-HYDROXYBUTYRONITRILE 

A.  Ya.  Yakubovich  and  S.  P.  Makarov 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  606-G07, 
February,  I960 

Original  article  submitted  December  29,  1958 


The  reaction  of  olefin  oxides  with  metallic  acetylides  has  only  been  described  in  a  patent  with  reference  to 
condensation  of  sodium  acetylide  with  ethylene  oxide  and  propylene  oxide  [1].  We  applied  this  reaction  to  vinyl- 
acetylene  and  etliylene  oxide  in  liquid  ammonia  and  found  thatB-(vinylethynyl)cthanol(hexcn-5-yn-3-ol-l)  is 
easily  formed.  On  hydrogenation  the  latter  gives  n-prim- hexyl  alcohol.  With  acetic  anhydride  the  vinyl  com¬ 
pound  gives  an  acetate  which  polymerizes  when  kept  under  normal  conditions  [2].  We  observed  an  analogous 
condensation  on  reaction  ol  sodium  acetoniuilc  with  ethylene  oxide  in  liquid  ammonia  with  formation  of  y-hydroxy- 
butyronitrile  in  a  yield  of  up  to  dO^o  [3]. 

The  reactions  described  are  evidently  of  a  general  character  and  can  be  used  for  preparation  of  various 
enynols  and  y.-hydroxynitriles.  They  resemble  the  previously  described  reactions  of  ethylene  oxide  with  sodio- 
malonic  and  sodioacetoacetic  esters  [4], 


EXPERIMENTAL 

6  -(Vinylcthynyl)cthanol.  Into  a  flask  protected  against  access  of  moisture  and  cooled  with  acetone— dry 
ice  mixture  were  charged  500  ml  of  liquid  ammonia  and  0.5  g  of  ferric  nitrate  nonahydrate.  At  —50*  and  with 
stirring  18  g  of  metallic  sodium  was  added  in  small  pieces.  Into  tlie  resulting  dark-blue  solution  of  sodium  amide 
at  —45  to  —50*  was  passed  45  g  of  vinylacetylcne;  the  color  changed  and  became  black  at  the  end  of  tlie  reac¬ 
tion.  With  the  temperature  held  at  -55*,  35  g  of  ethylene  oxide  was  gradually  added  to  the  mixture  which  was 
then  stirred  for  one  hr  before  being  left  overnight  with  cooling.  The  ammonia  was  evaporated  and  the  residue 
(a  solid  grey  mass)  dissolved  in  water.  The  solution  was  acidified  with  sulfuric  acid  until  it  had  an  acid  reaction, 
and  extracted  with  etJicr.  The  extract  was  dried,  the  ether  was  taken  off  and  the  residue  distilled  in  vacuo.  Yield 
24.5  g  (35%). 

B.p.  63-64*  (8  mm),  0.9324,  n*®D  1.4932. 

Found  %:  C  75.24.75.04;  H  8.40,  8.47.  CeHgO.  Calculated  %:  C  75.00;  H  8.35. 

The  acetate  is  easily  formed  in  quantitative  yield  when  vinylethynyleihanol  is  heated  with  acetic  anhydride. 
A  colorless  liquid. 

B.p.  71*  (8  mm),  d^^jg  0.9718,  n“D  1.4670. 

Found  %:  C  70.33;  70.19;  H  7.68,  7.40.  CgHigOj.  Calculated  %:  C  69.65;  H  7.28. 

y-Hydroxybutyronitrile.  To  a  solution  of  13.8  of  sodium  and  470  ml  of  liquid  ammonia  containing  0.3  g 
of  ferric  nitrate  was  added  dropwise  at  —40  to  —45’  24.8  g  of  acetonitrile,  and  the  mixture  stirred  for  an  hour. 

Then  at  the  same  temperature  27.5  g  of  ethylene  oxide  vapor  was  admitted  tlirough  a  tube  extending  to  the  bot¬ 
tom  of  the  vessel.  The  reaction  mass  was  left  overnight.  The  ammonia  was  evaporated  and  to  the  dark  residue 
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were  added  50  g  of  ice  and  10  ml  of  water.  The  residue  was  detached  from  the  vessel  walls  by  rubbing  with  a 
small  glass  rod;  during  this  operation  pan  of  the  solid  went  into  solution  and  a  pan  again  came  down  in  the  form 
of  crystals  of  hydrogenated  sodium  alcoholatc  of  y -hydroxybutyronitrile.  Tire  whole  dissolved  on  addition  of 
15  ml  of  water;  at  7-10*  the  solution  was  acidified  with  concentrated  sulfuric  acid  until  acid  to  Congo.  The  sodium 
sulfate  was  filtered  off  and  the  filtrate  extracted  several  times  witli  ether;  the  extract  was  dried  with  calcined  so¬ 
dium  sulfate  and  fractionated.  Yield  30-40%  D.p.  235-240*. 

SUMMARY 

Condensation  of  sodioacetoacetic  ester  with  ethylene  oxide  gave  respectively  6 -(vlnylethynyl)cthanol  and 
y  -hydroxybutyronitrlle, 
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SYNTHESES  OF  VINYL  MONOMERS 


VIII.  ALKENYL  ESTERS  OF  TRIMESIC  ACID 

A.  Yakubovich  and  E.  Grobtnan 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  607-608, 

February,  I960 

Original  article  submitted  December  29,  1958 

Full  methyl,  ethyl  [1]  and  amyl  [2]  esters  of  trimesic  acid  have  been  described  in  the  literature.  Only  re¬ 
cently  has  the  neutral  allyl  ester  of  this  acid  been  obtained  by  direct  esterification  of  unsaturated  esters  of  this 
acid;  the  product  was  impure  [3]. 

We  have  synthesized  the  pure  triallyl  ester  of  trimesic  acid  from  its  acid  chloride  and  allyl  alcohol  in  the 
form  of  a  viscous  liquid  with  b.p.  210-212*  (2  mm)  in  47%  yield.  Earlier  attempts  at  preparation  of  this  ester  by 
direct  esterification  were  unsuccessful.  We  also  synthesized  the  previously  undcscribcd  trivinyl  ester  of  trimesic 
acid  via  the  full  acid  chloride  of  the  acid  with  the  help  of  chloromercuriacetaldchyde  by  the  A.  N.  Nesmeyanov 
reaction  [4],  The  trivinyl  ester  differs  from  the  allyl  ester  in  being  a  crystalline  substance.  We  prepared  trimesie 
acid  by  the  method  of  [5]. 


EXPERIMENTAL 

Trimesic  Acid.  Into  a  flask  (fitted  with  stirrer  and  reflux  condenser)  were  charged  20  g  of  mesitylene  (b.p. 
164-165*)  and  2  liters  of  water.  In  the  course  of  6  hr,  while  the  stirred  mixture  was  boiled,  158  g  of  crystalline 
potassium  permanganate  was  added  in  small  portions  and  boiling  was  continued  for  another  25  hr  (with  interruptions) 
until  the  solution  was  decolorized.  The  solution  was  cooled  to  room  temperature,  filtered,  and  acidified  with 
30  ml  of  concentrated  hydrochloric  acid  (d  1.18). 

The  resulting  precipitate  was  recrystallized  twice  from  hot  water  (one  part  of  acid  dissolved  in  35  parts  by 
weight  of  hot  water).  Yield  17  g  (53%). 

Found  %:  C  51.3,  50.9;  11  2.55,  2.48.  CgllfiOg.  Calculated  %:  C  51.5;  H  2.86. 

Triallyl  Trimesate.  To  20  g  of  trimesic  acid  trichloride  [6]  was  added  (widi  stirring)  30  g  (a  threefold  ex¬ 
cess)  of  allyl  alcohol  at  such  a  rate  that  boiling  was  not  violent.  Boiling  was  then  continued  for  another  2  hr.  The 
viscous  liquid  was  dissolved  in  100  ml  of  ether,  washed  with  water  and  dried  over  sodium  sulfate.  The  ether  was 
distilled  off  and  the  residue  twice  distilled  in  vacuo.  Yield  10  g  (47.5%). 

B.p.  210-212*  (2  mm),  d*®^  1.1629;  n*®D  1.5230,  MRp  89. 

Found  %;  C  65.7,  66.04;  H  6.17,  6.14.  M  328  (cryoscopically  in  benzene).  CigHijOg.  Calculated  %:  C  65.5; 

H  5.3,  M  330. 

In  addition,  a  fraction  was  collected  with  b.p.  222-225*  (2  mm)  which  crystallized  on  cooling.  Two  recry¬ 
stallizations  from  benzene  gave  crystals  in  the  form  of  small  rhombs  with  m.p.  101.5-102*. 

Found  %:  C  64.9,  64.7;  H  5.32,  3.62.  M  270  (cryoscopically  in  benzene). 

The  substance  decolorizes  bromine  water.  It  was  not  further  examined. 
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Trivinyl  Trimcsatc.  A  mixture  of  8.9  g  of  monochloromcrcuriacctaldehydc,  3.5  g  of  trimesic  acid  trichlo¬ 
ride  and  15  ml  of  dry  xylene  was  stirred  on  a  water  bath  at  50*  for 7  hr.  On  cooling,  the  xylene  solution  was  col¬ 
lected  and  the  precipitate  washed  with  xylene.  The  combined  xylene  extracts  were  washed  twice,  each  time  with 
20  ml  of  sodium  hydroxide  solution,  and  then  with  water.  The  solution  was  dried  with  sodium  sulfate  and  the 
xylene  was  taken  off  (65-70*  at  2  mm);  the  solid  residue  was  twice  recrystallized  from  anhydrous  alcohol  (one 
part  by  weight  of  the  substance  dissolved  in  5  parts  of  alcohol).  Needles;  yield  2  g  (61*^0). 

Found  <^o-.  C  62.3,  61.6;  H  2.9,  3.1.  Cj^HijOe.  Calculated  C  62.6;  H  3.12 

SUMMARY 

Triallyl  and  trivinyl  esters  of  trimesic  acid  are  synthesized  via  the  acid  chloride.  The  properties  of  the 
esters  are  described. 
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In  recent  years  a  whole  series  of  biologically  active  phthalazine  derivatives  has  been  discovered.  Hydrazine 
derivatives  of  phthalazine  with  hypotensive  activity  have  come  into  use  in  medical  practice  in  a  number  of  for¬ 
eign  countries  —  1-hydrazinophthalazine  (Apresolin)  [1,  2]  and  1 ,4-dihydrazinophthalazinc  (Ncpresol)  [3].  Com¬ 
pounds  with  antitubcrcular  activity  have  also  been  discovered:  it  was  reported  in  1949  [4]  tliat  l-isoamyloxy-3- 
phenyI-4-phthalazone  exhibited  an  antitiibercular  activity,  in  experiments  with  mice,  that  considerably  exceeded 
Uie  activity  of  streptomycin  and  dihydrostreptomycin.  These  claims  were  not  confirmed  in  later  work  [5,  6],but 
work  wiili  other  series  of  substituted  phthalazincs  brought  to  light  several  compounds  (including  l,4-diketo-3- 
phenyltetrahydrophthalazinc)  effective,  according  to  the  autliors,  against  tuberculosis  bacilli  not  only  in  vitro  but 
also  in  vivo. 

With  the  aim  of  checking  the  activity  of  l-isoamyloxy-3-phcnyl-4-phthalazone,  we  prepared  this  compound, 
whose  constants  are  given  in  the  literature  [4].  We  also  synthesized  its  analogs  containing  the  nitro,  amino,  and 
acetamino  group  in  the  para  position  of  the  phenyl  radical. 

From  phcnyl-and  p-nitrophenylhydrazincs  and  phthalic  anhydride  were  prepared  the  corresponding  1,4- 
diketo-3-aryltetrahydrophthalazines  [7]  which  were  then  subjected  to  alkylation.  Attempts  to  introduce  the  iso¬ 
amyl  group  by  the  action  of  isoamyl  iodide  on  the  silver  salts  of  these  compounds  were  unsuccessful.  Low  yields 
of  alkyl  derivatives  could  be  obtained  by  using  isoamyl  bromide  in  aqueous  alcoholic  potassium  hydroxide;  this 
reaction  is  very  much  less  successful  if  sodium  hydroxide  is  used.  Catalytic  hydrogenation  of  l-isoamyloxy-3- 
(p-nitrophcnyl)-4-phthalazone  gave  the  corresponding  amine  which  was  converted  to  the  acetyl  derivative. 

In  view  of  the  biological  activity  of  1-hydraziuophthalazine  it  was  of  interest  to  prepare  hydrazones  of  this 
compound  with  certain  aldehydes  whose  thiosemicarbazones  exhibited  high  tuberculostatic  activity  [8],  in  par¬ 
ticular  witli  vanillin,  p-acetaminobcnzaldehyde  and  p-dimetliylaminobcnzaldehyde.  A  water-soluble  preparation 
was  obtained  by  condensing  1-hydrazinophthalazine  witli  opianic  acid;  this  hydrazone  gave  a  highly  water-soluble 
salt  with  dietliylamine. 

A  third  part  of  our  program  of  work  was  the  synthesis  of  derivatives  of  phthalazonccarboxylic  acid.  Com¬ 
pounds  prepared  for  biological  tests  were  the  hydrazidc  of  phthalazonccarboxylic  acid  [9]  and  its  hydrazones  with 
vanillin  and  p-acetaminobenzaldehydc.  We  also  synthesized  the  amide  of  phthalazonccarboxylic  acid  in  view 
of  the  appreciable  tuberculostatic  activity  of  amides  of  some  heterocyclic  acids,  c.g.,  pyrazineamide  [10]. 

All  the  synthesized  preparations,  apart  from  l-isoamyloxy-3-phcnyl-4-phthalazone,  failed  in  vitro  to  ex¬ 
hibit  appreciable  tuberculostatic  activity.  Bacteriostatic  activity  toward  the  tuberculosis  bacillus  (strain  H37RV) 
was  manifested  by  l-isoamyloxy-3-phenyl-4-phtltalazonc  in  1 : 512,000  dilution  without  scrum  and  1 : 16,000 
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in  presence  of  serum.  The  preparation  was  completely  inactive  in  experimental  tuberculosis  of  white  mice. 


EXPERIMENTAL 

l-Isoamyloxy-3-phcnyl-4-phthalazone.  A  solution  of  11  g  of  potassium  hydroxide  in  4.4  ml  of  water  was 
mixed  witli  50  ml  of  alcohol;  11  g  of  l,4-diketo-3-phenyltctrahydrophthalazine  [7]  was  dissolved  in  the  mixture 
and  28  g  of  isoamyl  bromide  was  added.  The  mixture  was  boiled  on  a  water  bath  for  20  hr,  after  which  the  alcohol 
was  taken  off  in  vacuo,  the  residue  was  diluted  with  water,  and  the  resulting  oil  was  extracted  with  ether.  After 
the  ether  extract  had  been  dried  and  the  solvent  had  been  removed,  tlie  residue  was  distilled  in  vacuo.  There  was 
obtained  10.4  g  of  colorless  substance  witli  b.p.  244-245*  ar  5  mm  which  partly  crystallized  on  standing.  After  two 
recrystallizations  from  a  small  volume  of  methanol,  the  substance  had  m.p.  56-58*  (m.p.  58-59*  [4]). 

l-Isoamyloxy-3-(p-nitrophcnyl)-4-phthalazone.  A  solution  of  5.8  g  of  potassium  hydroxide  in  2.3  ml  of  , 
water  was  mixed  with  52  ml  of  alcohol  and  to  tlie  mixture  were  added  7.2  g  of  l,4-dlketo-3-(p-nitrophenyl)tetra- 
hydrophthalazine  [7]  and  16  g  of  isoamyl  bromide.  The  dark-red  slurry  was  boiled  on  a  water  bath  for  30  hr;  the 
alcohol  was  then  removed  in  vacuo  and  the  residue  worked  up  as  in  the  preceding  experiment.  Two  rectystalliza- 
tions  from  alcohol  gave  4.35  g  of  substance  with  m.p.  105-107*  yellow  crystals,  easily  soluble  in  hot  alcohol.  In¬ 
soluble  in  water. 

Found  ffo:  C  64.75;  H  5.51.  Ci9Hj504N3.  Calculated  C  64.58;  H  5.38. 

l-Isoamyloxy-3-(p-aminoplicnyl)-4-phthalazone.  A  solution  of  1  g  of  l-isoamyloxy-3-(p-nitrophcnyl)-4- 
phthalazonc  in  100  ml  of  alcoliol  was  subjected  to  hydrogenation  at  room  temperature  and  atmospheric  pressure 
in  presence  of  1  g  of  skeletal  nickel  catalyst  until  hydrogen  ceased  to  be  absorbed  (2.5  hr,  180  ml  H2).  After  the 
catalyst  had  been  separated  and  the  solvent  distilled  off,  the  residue  was  twice  rccrystallized  from  50^o  alcohol; 
yield  0.8  g  with  m.p.  84-98*. 

Found  C  70.65;  H  6.59.  C19H21O2N3.  Calculated  f/o:  C  70.58;  H  6.50, 

l-l5oamyloxy-3-(p-acctaminophcnyl)-4-phtlialazonc.  A  mixture  of  1  g  of  l-isoamyloxy-3-(p-aminophcnyl)- 
4-phthalazone  and  10  ml  of  acetic  anhydride  was  boiled  over  a  gauze  for  about  an  hour;  the  reaction  mass  was 
then  poured  into  water  and  again  heated  for  a  few  ntinutes.  The  resulting  oil  crystallized  after  cooling.  Two  re¬ 
crystallizations  at  first  from  aqueous  alcohol  and  tlien  from  methanol  gave  0.89  g  of  colorless  crystals,  insoluble 
in  water,  sparingly  soluble  in  alcohol;  m.p.  188-189*.  * 

Found  ofo:  C  69.29;  H  6.32.  C21H23O3N3.  Calculated  <^o:  C  69.04;  H  6.30. 

(l-Phthalazinyl)hydrazonc  ofp-Acctaminobcnzaldchyde.  To  a  solution  of  2  g  of  1-hydrazinophthalazine 
[11]  in  25  ml  of  hot  methyl  alcohol  was  added  a  hot  solution  of  2  g  of  p-acctaminobenzaldchyde  in  15  ml  of 
methyl  alcohol.  The  mixture  was  boiled  on  a  water  bath  for  half  an  hour.  Fine  yellow  crystals  came  down  on 
cooling.  Weight  3.1  g.  M.p.  above  275*  after  two  recrystallizations  from  ethanol  and  drying  in  a  drying  cupboard 
at  120-140*. 

Found  C  66.67;  H4.98  C,7Hj50N5.  Calculated  (fo:  C  66.88;  H  4.91. 

(l-Phthalazinyl)hydrazonc  of  3-mcthoxy-4-hydroxybenzaldehyde  was  prepared  from  1-hydrazinophtliala- 
zine  and  vanillin  in  alcohol  under  the  above  conditions;  yellow  crystals  (from  alcohol)  with  m.p.  163-169*. 

Found  %  C  65.32;  H  4.74.  C16H14O2N4.  Calculated  C  65.30;  H  4.76. 

(l-Phthalazinyl)hydrazone  of  p-dimcthylaminobcnzaldehyde  was  prepared  from  1-hydrazinophthalazlne 
and  p-dimethylaminobenzaldchydc  under  the  same  conditions;  yellow  crystals  (from  alcohol)  with  m.p.  181-183*. 

Found  <70;  69.91;  H  5.80.  C17H17N5.  Calculated  C  70.10;  H  5.84. 

Treatment  of  the  substance  with  alcoholic  hydrogen  chloride  gave  the  hydrochloride,  which  rapidly  hydro¬ 
lyzed  in  aqueous  solution  with  liberation  of  the  original  base. 


•  The  biological  tests  were  carried  out  in  the  department  of  chemotherapy  of  the  S.  A.  Vichkanova  All-Union 
Scientific-Research  Chemicopharmaceutical  Institute  under  the  direction  of  G.  N.  Pershin, 
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(l-Phtlinlazinyl)hy(Jrazonc  of  opianic  acid  was  prepared  by  mixing  hot  aqueous  solutions  of  equimolar  quan¬ 
tities  of  1-hydrazinoplithalazinc  and  opianic  acid;  light-yellow  crystals  with  m.p.  236-239*. 

Found  <70:  C  61.26;  H  4.54;  C,8ni604N4.  Calculated  %:  C  61.36;  H  4.54 

Diethylamide  of  (1 -phtlialazinyl)hydrazonc  of  Opianic  Acid.  To  a  suspension  of  2.3  g  of  (l-phthalazinyl)hy- 
drazone  of  opianic  acid  in  25  ml  of  alcohol  was  added  1  ml  of  dicthylaminc,  and  the  mixture  was  heated  to  the 
boil  on  a  water  bath.  Ihe  solution  was  filtered  hot;  crystals  came  out  on  cooling  and  were  washed  with  alcohol 
and  then  with  ether.  There  was  obtained  1.9  gof  salt  with  m.p.  244-245*;  readily  soluble  in  water. 

Found  C  62.30;  H  6.42.  C22Hz704N5.  Calculated  %  ;  C62.ll;  H6.35. 

Dicthylaminc  splits  off  when  recrystallization  from  alcohol  is  attempted,  also  on  drying  at  120*. 

(3-Mcthoxy-4-hydroxybenzylidcnc)hydrazide  of  Phthalazonccarboxylic  Acid.  To  a  hot  solution  of  1.45  g  of 
phthalazonccarboxylic  acid  hydrazidc  [9]  in  80  ml  of  50*70  aqueous  alcohol  was  added  a  solution  of  1.08  g  of  vanil¬ 
lin  in  15  ml  of  warm  alcohol.  The  mixture  was  heated  on  a  water  bath  for  half  an  hour.  The  precipitate  was 
filtered  on  cooling,  washed  with  alcohol,  with  hot  water  and  again  with  alcohol  and  ether.  M.p.  287-289*(from 
glacial  acetic  acid).  / 

Pound  C  60.24;  H  4.19.  C17H14O4N4.  Calculated  <7,:  C  60.35;  H  4.14. 

(p-Acctaminobenzylidcne)hydrazidc  of  phthalazonccarboxylic  acid  was  prepared  under  conditions  similar 
to  those  in  ilic  preceding  experiment.  M.p.  above  300*  (from  glacial  acetic  acid). 

Found  ‘7„:  C  61.92;  H  4.43.  CigHisOjNg.  Calculated  ^Jo:  C  61.89;  11  4.30. 

Phthalazonccarboxyl  ic  Amide.  To  a  warm  solution  of  6.5  g  of  ethyl  phthalazonecarboxylate  [9]  in  100  ml 
of  alqohol  was  added  100  ml  of  1 3%  alcoholic  ammonia.  The  mixture  was  left  overnight  at  room  temperature; 
the  precipitate  was  rccrystallizcd  from  50'7o  glacial  acetic  acid;  m.p.  312-313*  (dccomp.);  weight  3.3  g. 

Found  C  56.97;  H  3.78.  Cgn702N3.  Calculated  C  57.14;  H  3.70. 

SUMMARY 

1.  Some  l-isoamyloxy-3-aryl-4-phthalazoncs  with  substituents  in  the  para  position  of  the  phenyl  radical 
were  synthesized. ' 

2.  Products  of  condensation  of  1-hydrazinophthalazine  with  various  aromatic  aldehydes  were  prepared. 

3.  Derivatives  of  phthalazonccarboxylic  acid  not  previously  described  in  the  literature  (the  amide  and  sub¬ 
stituted  benzylidcnehydrazidcs)  were  prepared. 
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It  was  shown  by  Armstrong  and  Wynne  [1]  that  1,8-dichloronaphthalene,  when  heated  with  concentrated 
'  hydrochloric  acid  at  290*  in  a  sealed  tube,  is  converted  quite  smoothly  to  1,5-dichlotonaphthalene,  The  other 
dichloronaphtlialene  isomers  do  not  undergo  isomerization  under  these  conditions.  The  mentioned  investigators 
also  observed  that  the  hydrolysis  of  l,8-dichloronaphtlialenc-3-sulfonic  acid  with  superheated  steam  in  the  pres¬ 
ence  of  either  sulfuric  or  phosphoric  acid  yields  1 ,7-dichloronaphthalenc  in  40'7o  yield.  In  addition,  a  brief  com¬ 
munication  [2]  recently  appeared  on  the  isomerization  of  1 ,8-dibromo-2,7-dihydroxynaphthalcne  to  1,6-dibromo- 
2,7-dihydroxynaphthalcne,  which  occurred  by  heating  with  hydrogen  bromide  in  acetic  acid. 

It  should  be  mentioned  that  the  isomeric  transformations  of  tlic  mono-  and  dihalonaphthalenes  in  the  pres¬ 
ence  of  hydrogen  halide  and  such  catalysts  as  aluminum  chloride,  aluminum  oxide  and  aluminum  silicate  have 
been  described  many  times  in  the  literature  [3-9].  The  unusual  nature  of  tlic  above  mentioned  transformation  of 
the  1,8-dihalonaphtlialene  derivatives  consists  in  the  fact  that  in  these  cases  it  is  unnecessary  to  use  such  catalysts. 
In  our  opinion,  this  trait  is  connected  with  the  steric  interaction  of  the  halogen  atoms  in  the  peri  positions.  Actu¬ 
ally,  the  van  der  Waals  radius  of  the  chlorine  atom  is  equal  to  1.80  A,  and  that  of  bromine  is  equal  to  1.95  A  [10], 
i.e.,  the  approach  to  two  chlorine  atoms,  not  chemically  bound,  to  within  a  distance  less  than  3.6  A  (in  the  case 
of  two  bromine  atoms  3.9  A)  will  be  accompanied  by  tlie  creation  of  repulsion  forces  between  them.  The  distance 
between  Cfi)  and  C(8)  in  die  naphthalene  molecule,  calculated  from  x-ray  structure  analysis  data  [10,  11],  is  a 
total  of  about  2,5  A.  The  result  of  this  should  be  a  deformation  of  the  1,8-dihalonaphthalene  molecule,  apparently 
being  expressed  in  an  emergence  of  the  halogen  atoms  from  the  plane  of  the  naphthalene  ring.  A  similar  theory 
was  expressed  earlier  to  explain  the  fact  that  the  found  dipole  moments  of  1,8-disubstituted  naphthalene  proved 
to  be  considerably  smaller  than  those  calculated  on  the  basis  that  the  moments  of  the  bonds  arc  additive  [12,  13]. 

In  addition,  the  emergence  of  substituents  from  the  plane  of  an  aromatic  ring  and  even  a  disturbance  of  the  co¬ 
planarity  of  this  ring  due  to  steric  interaction  of  the  substituents  was  shown  recently  for  a  whole  series  of  compounds. 
Thus,  using  the  diffraction  of  the  electrons,  it  was  shown  [14]  that  the  molecules;  o-dichloro-,  o-dibromo-, 
1,2,4,5-tctrabromo-,  hcxachloro-,  and  hexabromobenzenes  are  not  planar.  For  these  compounds  the  angle  between 
the  C— Cl(Br)  bond  and  the  plane  of  the  benzene  ring  ranges  from  12  to  18*,  while  the  distance  between  adjacent 
chlorine  or  bromine  atoms  is  respectively  about  3.2  A  and  3.3-3.4  A.  According  to  the  x-ray  study  data  [15],  in 
octamethylnaphthalenc  the  a-CH3  group  deviates  from  the  plane  of  the  naphthalene  ring  by  28*;  the  deviation  of 
the  adjacent  6-CH3  group  is  somewhat  smaller  and  is  directed  in  the  opposite  direction.  For  4,5-dimcthylphenan- 
threne  derivatives  the  emergence  of  the  methyl  groups  from  the  plane  of  the  aromatic  ring  was  shown  by  separat¬ 
ing  these  compounds  into  the  optical  isomers  [16].  For  cases  where  the  coplanarity  of  the  aromatic  ring  is  dis¬ 
turbed,  please  see  the  review  paper  [17].  In  view  of  the  data  given  in  the  indicated  papers,  the  theory  that  the 
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planar  structure  is  disturbed  in  l,8-dihalonaphthalcnc;s*  and  other  1,8-disubstituted  napluhalcncs  with  bulky  sub¬ 
stituents  .  can  be  considered  at  the  present  time  as  being  quite  probable. 

When  the  peri  substituents  emerge  from  the  plane  of  the  naphthalene  ring  the  valence  angles  of  the 
and  C(8)  atoms  change  toward  values  characteristic  for  a  tetrahedral  arrangement  of  the  bonds.  In  the  opinion  of 
Herbstcin  and  Schmidt  [18],  hybridization  of  the  valence  electrons  of  such  atoms  can  no  longer  correspond  to  a 
pure  (sp*)p  type,  corresponding  to  a  planar  trigonal  system  of  carbon  bonds,  and  apparently  approaches  to  some 
degree  a  tetrahedral  (sp^Jhybridization.  This  should  facilitate  tlic  formation  of  an  activated  complex  when  these 
atoms  are  attacked  by  an  electrophilic  particle,  since  a  partially  existing  tetrahedral  hybridization  of  the  valence 
electrons  is  already  realized  in  such  a  complex.  A  high  affinity  of  the  and  atoms  in  1,8-disubstitutcd 
naphthalenes  toward  electrophilic  particles  creates,  in  particular,  favorable  conditions  lor  the  addition  of  a  proton 
to  these  atoms  with  the  formation  of  o -complexes,  as  a  result  of  which  it  is  possible,  in  our  opinion,  to  have  three 
types  of  transformations,  depicted  by  the  following  scheme. 


X  X 


Transformation  along  path  A  is  linked  with  a  reversibility  of  the  electrophilic  substitution  reaction,  and  is 
apparently  illustrated  by  the  above  mentioned  isomerization  of  l,8-dibromo-2,7-dihydroxynaphthalene  to  1,6- 
dibromo-2,7-dihydroxynaphthalcne  [2],  The  isomerization  of  1,8-dichlororiaphthalcne  to  the  1,5-isomer  [l]is 
a  particular  case  (X  =  Y  =  Z  =  Cl)  of  transformation  C,  while  the  formation  of  1,7-dichloronaphthalene  from  1,8- 
dichloronaphtlialcne-3-sulfonic  acid  evidently  proceeds  along  path  B. 

The  discussed  considerations  caused  us  to  undertake  a  study  of  the  reactions  and  properties  of  other  peri- 
substituted  naphtlialenes,  and  first  of  the  alkyl  l-chloro-8-naphthyl  sulfones,  since  the  van  der  Waals  radius  of 
the  sulfur  atom  is  quite  large  (1.85  A  [10]). 

When  methyl  l-chloro-8-naphthyl  sulfone(Ia)  was  heated  with  concentrated  hydrochloric  acid  for  5  lir  at 
200*  we  obtained  in  yield  a  substance  with  m.p.  lGO.6-161.0*,  which,  according  to  the  elemental  analysis 
data,  had  the  same  composition  as  the  starting  compound.  Catalytic  hydrogenation  of  the  obtained  substance  over 
palladium  in  alcohol- alkali  medium  in  order  to  remove  the  chlorine  atom  (see  [19])  gave  methyl  2-naphthyl 
sulfonc  (Ila)  in  83.5%  yield.  Hydrogenation  of  the  starting  methyl  l-chloro-8-naphthyl  sulfone  gave,  as  was  to 
be  expected,  methyl  1-naphthyl  sulfone  (Ilia,  86.5%  yield).  The  presented  data  indicated  that  when  methyl  1- 
chloro-8-naphthyl  sulfonc  is  heated  with  hydrochloric  acid  it  undergoes  isomerization  by  migration  of  the  methyl- 
^ulfonyl  radical  to  the  6 -position.  Actually,  the  obtained  compound  proved  to  be  identical ,  both  in  melting 
point  and  in  the  ultraviolet  spectrum,*  •  with  methyl  l-chloro-7-naphthyi  sulfonate  (IVa). 
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•  With  the  possible  exception  of  1,8-difluoronaphthalenes. 

•  ‘The  uluaviolet  spectra  of  the  alkyl  chloronaphthyl  sulfones  will  begivenin  the  next  communication. 
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Analogous  results  were  also  obtained  in  the  case  of  ethyl  l-chloro-8-naphthyl  sulfone  (Ib).  This  compound 
when  heated  with  concentrated  hydrochloric  acid  for  6.5  hr  at  220-230*  gave  ethyl  l-chloro-7-naphthyl  sulfone 
(IVb)  in  GG^o  yield.  The  position  of  the  cihylsulfonyl  radical  in  the  starting  and  obtained  compounds  was  con¬ 
firmed,  the  same  as  in  the  previous  case,  by  removal  of  tlie  chlorine  atom. 

We  were  unable  to  observe  a  similar  migration  of  the  sulfonyl  radical  in  the  case  of  benzyl  l-chloro-8- 
naphtliyl  sulfone,  since  here  the  compound  shows  considerable  decomposition  even  at  200-210*. 

It  should  be  emphasized  that  methyl  l-chloro-5-naphthyl,  methyl  l-chloro-7-naphihyl,  methyl  2-chloro- 
8-naphihyl  and  metltyl  1 -naphthyl  sulfoncs  do  not  change  when  heated  with  concentrated  hydrochloric  acid  at 
200-210*.  Consequently,  a  migration  of  the  sulfonyl  radical  is  characteristic  only  for  the  1,8-isomcrs, 

The  mechanism  of  the  isomerization  of  alkyl  l-chloro-8-naphthyl  sulfoncs  can  be  depicted  by  transforma¬ 
tion  B  in  scheme  (1),  where  in  the  given  case  X  =  Cl  and  Y  =  SO2R.  The  addition  of  a  proton  to  the  starting  sul¬ 
fone  leads  to  the  formation  of  o -complex  (V),  where  a  shift,  irreversible  under  the  given  conditions,  of  the  alkyl- 
sulfonyl  radical  to  the  adjacent  carbon  atom,  bearing  a  positive  charge,  occurs.  The  further  cleavage  of  a  proton 
from  o -complex  (VI)  leads  to  tlie  alkyl  l-chloro-7-naphthyl  sulfone.  The  necessity  of  a  proton  for  the  reaction's 
progress  is  confirmed  by  the  fact  that  metliyl  l-chIoro-8-naphthyl  sulfone  docs  not  cliange  when  it  is  heated  at 
200*  with  30%  aqueous  sodium  chloride  solution.  7lic  reasons  for  the  alkylsulfonyl  radical  migrating  with  greater 
ease  than  the  chlorine  atom  still  remain  obscure. 

The  transformation  of  alkyl  l-chloro-8-naphthyl  sulfones  to  the  1,7-isomcrs  could  also  be  explained  by  an 
intermolecular  migration  of  the  alkylsulfonyl  radical.* 

(1)  -±!El  i-CinlhCl  +  IIS0,CI  — ->  (IV) 

However,  in  this  case  the  reaction  result  should  be  the  formation  of  a  mixture  of  isomeric  alkyl  1-chloro- 
naphthyl  sulfoncs.  In  addition,  such  a  postulation  is  refuted  by  the  fact  that  in  general  the  formation  of  sulfones 
was  not  observed  when  1-cliloronaphthalcnc  is  heated  with  mcthanesulfonyl  chloride  and  hydrochloric  acid  at 
200-210*,  and  the  starting  1-chloronaphthalenc  was  recovered  in  72.5%  yield. 

EXPERIMENTAL 

Preparation  of  Alkyl  Chloronaphthyl  Sulfoncs.  The  sodium  salt  of  l-chloronaphthalcne-5-sulfonic  acid  was 
obtained  from  the  1,5-aminosuUonic  acid  as  described  in  [21].  In  a  similar  manner  l-aminonaphthalene-7-sul- 
fonic  acid,  isolated  from  its  mixture  with  the  1,6-isomCT  by  the  procedure  given  in  [22],  was  converted  to  the  so¬ 
dium  salt  of  1 -chloronaphthalene-7-sulfonic  acid.  The  sodium  l-chloronaphthalcnc-8-sulfonate  used  by  us  was 
the  technical  product.  Reaction  of  the  sodium  salts  of  the  indicated  sulfonic  acids  with  phosphorus  pcntachloride 
gave  the  corresponding  sulfonyl  chlorides  (see  [21])  which  were  purified  by  recrystallization  from  either  heptane 
or  octane.  2-Chloronaphthalene-8-sulfonyl  chloride  was  synthesized  by  reacting  2-chloronaphtlialene  with  chloro- 
sulfonic  acid  ([23],  method  1),  The  obtained  sulfonyl  chlorides,  the  melting  points  of  which  agreed  with  the  liter¬ 
ature  data,  were  then  reduced  with  sodium  sulfite  in  alkaline  medium  [24]  to  the  chloronaphthalene-sulfinic acids, 
the  conversion  of  which  to  the  sulfones  was  accomplished  as  follows. 

To  a  solution  of  sodium  ethylate,  prepared  from  52  mg-atoms  of  sodium  metal  and  20  ml  of  alcohol,  were 
added  a  hot  solution  of  40  mmoles  of  chloronaphthalcnesulfinic  acid  in  30  ml  of  alcohol  and  120  mmoles  of  alkyl 
halide  (methyl  iodide,  ethyl  iodide,  or  benzyl  chloride),  after  which  the  mixture  was  refluxed  for  3-5  hr.  The 
obtained  red  solution  was  cooled  and  then  diluted  with  water  to  effect  a  more  complete  separation  of  the  sulfone. 
The  sulfone  precipitate  was  filtered,  washed  with  5%  sodium  carbonate  solution,  then  with  water,  after  which  it 
was  recrystallizcd  from  alcohol.  Here  the  yields  of  the  methyl  chloronaphthyl  sulfoncs  were  72-88%,  while  those 
of  the  ethyl  chloronaphthyl  sulfoncs  were  42-67%.  In  the  latter  case  it  is  apparently  advisable  to  increase  the 
holding  time.  The  melting  points  and  the  elemental  analysis  results  of  the  synthesized  sulfones  are  given  in  the 
table. 

Removal  of  Chlorine  from  Alkyl  Chloronaphthyl  Sulfones.  Removal  of  the  chlorine  atom  from  the  alkyl 
chloronaphthyl  sulfones  was  achieved  by  liydrogenation  in  the  presence  of  palladium  hydroxide  deposited  on  calcium 

•  For  example,  it  is  known  that  diduryl  sulfone  is  cleaved  to  durene  and  sulfuric  acid  when  heated  with  concen¬ 
trated  hydrochloric  acid  at  200*. [20]. 
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carbonate  [19].*  A  suspension  of  1.0  g  of  the  catalyst  in  5  ml 
of  alcohol  was  previously  reduced  by  vigorous  shaking  at  room 
temperature  in  an  atmosphere  of  hydrogen,  purified  by  passage 
through  absorption  flasks  containing  solutions  of  potassium  per¬ 
manganate,  silver  nitrate,  and  potassium  hydroxide.  The  hy¬ 
drogen  absorption  usually  ceased  after  1-1.5  hr.  After  this  a 
solution  of  0.20  g  of  alkyl  chloronaphtliyl  sulfone  in  25-45  ml 
aleohol  and  10  ml  of  10%  alcoholic  KOH  solution  were  added 
to  the  hydrogen  flask  and  the  shaking  was  continued  until  the 
hydrogen  absorption  ceased,  which  usually  occurred  within 
0.5-1.0  hr.  In  the  case  of  methyl  l-chloro-8-naphthyl  sulfone 
and  the  ethyl  chloronaphthyl  sulfones,  even  with  the  amount 
of  catalyst  doubled,  a  longer  time  (up  to  3  hr) .of  shaking  was 
required.*  •  The  catalyst  was  filtered  and  the  dechlorinated 
sulfone  was  isolated  by  distilling  off  tlie  alcohol.  From  methyl 

1- chloro-5-naphthyl,  methyl  l-chloro-8-naphthyl  and  methyl 

2- chloro-8-naphthyl  sulfones  we  obtained  in  this  manner  methyl 
1-naphthyl  sulfone,  having  m.p.  98-100*;  after  recrystalliza¬ 
tion  from  alcohol,  m.p.  101.5-102.0*;  from  [26],  m.p.  102-103*. 
Methyl  l-chloro-7-naphthyl  sulfone  gave  methyl  2-naphthyl 
sulfone  with  m.p.  141-141.5“;  from  the  literature  [26],  m.p. 
142-143*.  In  a  similar  manner  from  ethyl  l-chloro-8-naphthyl 
and  ethyl  l-chloro-7-naphthyl  sulfones  we  obtained  respective¬ 
ly  ethyl  1-naphthyl  and  ethyl  2-naphthyl  sulfones  with  m.p.  88 
to  89*  and  42-44.5*;  the  melting  points  given  in  the  literature 

[26]  are,  respectively,  88-89*  and  43-45*.  The  yields  of  thede- 
chlorinatcd  sulfones  were  83.5-97%.  In  order  to  identify  the 
compounds,  they  were  synthesized  by  a  counter  synthesis  from 
1-  and  2-naphthalenesulfinic  acids  (for  their  preparation  see 

[27]  and  [28]),  using  the  above  described  method,  and  had  the 
following  melting  points:  methyl  1-naphthyl  sulfone  101-102*, 
methyl  2-naphthyl  sulfone  141.5-142*,  ethyl  1-naphthyl  sulfone 
88.5-89.0*,  and  ethyl  2-naphihyl  sulfone  43.5-44.0*.  In  all  cases 
the  mixed  melting  points  with  the  corresponding  sulfones,  ob¬ 
tained  from  the  alkyl  chloronaphthyl  sulfones,  were  not  depressed. 

The  Heating  of  Alkyl  Chloronaphthyl  Sulfones  with  Hydro¬ 
chloric  Acid.  Methyl  l-Chloro-8-naphthyl  Sulfone.  Experi¬ 
ment  1.  Two  grams  of  methyl  l-chloro-8-naphthyl  sulfone  was 
heated  in  a  sealed  glass  tube  with  10  ml  of  concentrated  hydro¬ 
chloric  acid  •  •  •  for  5  hr  at  a  bath  temperature  of  200*.  A 
black  tarry  mass  impregnated  with  colorless  crystals  was  found 
to  be  present  on  the  bottom  of  tlie  tube  when  it  was  opened. 

After  washing  the  tat  on  the  filter  with  water,  5%  NaOH  solu¬ 
tion,  again  with  water,  and  tlicn  with  1-2  ml  of  alcohol,  we 
obtained  1.25  g  of  a  grayish  substance  with  m.p.  140-148*,  which 
on  recrystallization  from  alcohol  gave  0.80  g  of  nearly  colorless 


•The  catalyst  contained  2.2%  palladium  hydroxide. 

•  •  See  the  influence  of  the  structure  of  unsaturated  sulfones 
on  the  rate  of  their  hydrogenation  [25]. 

•  •  •  In  all  of  the  experiments  the  volume  of  the  reaction  mix¬ 
ture  was  15-17%  of  the  volume  of  the  tube. 
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plates  with  m.p.  158-159.5*.  Further  recrystallization  from  alcohol  raised  the  melting  point  to  160.5-161*.  The 
elemental  analysis  results  correspond  to  the  composition  of  the  methyl  chloronapluhyl  sulfone. 

Found  <70:  Cl.  14.24.  14.20;  S  13.51,  13.52.  CuHgOjClS.  Calculated  «f<,:  Cl  14.73;  S  13.32. 

Catalytic  hydrogenation  of  the  substance  gave  an  83.5^70  yield  of  methyl  2-naphthyl  sulfone  with  m.p.  139 
to  140*:  after  recrystallization  from  alcohol,  m.p.  141.0-141.5*;  from  [26 j;  m.p.  142-143*.  The  melting  point  was 
not  depressed  when  the  substance  was  mixed  with  authentic  methyl  2-naphthyl  sulfone. 

The  data  given  above  permit  assuming  that  the  substance  obtained  in  the  indicated  experiment  is  methyl 
l-chloro-7-naphthyl  sulfone.  Actually,  its  mixed  melting  point  with  authentic  methyl  l-chloro-7-naphthyl  sul¬ 
fone,  obtained  from  the  corresponding  sulfinic  acid  (see  above),  was  not  depressed.  The  ultraviolet  spectra  of 
these  two  specimens  also  proved  to  be  identical. 

Experiment  2  was  run  in  the  same  manner  as  Experiment  1  at  150-165*.  Here  we  obtained  1.95  g  of  gray¬ 
ish  substance  witli  m.p.  114-123*.  The  mixed  melting  point  with  the  starting  sulfone  was  not  depressed.  ^ 

Experiment  3.  The  heating  of  2  g  of  methyl  l-chloro-8-naphthyl  sulfone  with  10  ml  of  30<7o  sodium  chlo¬ 
ride  solution  in  a  sealed  tube  for  5  hr  at  a  bath  temperature  of  200*  gave  1.96  g  of  starting  sulfone  with  m.p. 
123.5-126*. 

Ethyl  l-Chloro-8-naphthyl  Sulfone.  A  mixture  of  0.35  g  of  ethyl  l-chloro-8-naphihyl  sulfone  and  3.0  ml 
of  concenuated  hydrochloric  acid  was  heated  in  a  scaled  glass  tube  for  6.5  hr  at  a  bath  temperature  of  220-230*. 
The  obtained  dark,  oily  precipitate  was  washed  on  the  filter  with  NaOH  solution,  water,  and  1  ml  of  ether  to 
yield  0.23  g  of  grayish  substance  with  m.p.  116.5-117.5;;  after  recrystallization  from  alcohol,  m.p.  122.5-123*. 

Found  %:  C  56.56,  56.29;  H  4.25,  4.18;  Cl  14.06;  14.28;  S  12.34,  12.35.  CijHuOjClS.  Calculated  <7o:  C 
56.57;  H  4.35;  Cl  13.92;  S  12.59. 

The  mixed  melting  point  of  the  obtained  substance  with  ethyl  l-chloro-7-naphthyl  sulfone  was  not  depressed. 
The  mixed  melting  point  with  tlie  starting  sulfone  was  98-112*.  Catalytic  hydrogenation  of  the  obtained  sulfone 
gave  ethyl  2-naphthyl  sulfone;  yield  88‘7o;  after  recrystallization  from  alcohol,  m.p.  42-44.5*;  according  to  [26], 
m.p.  43-45*. 

Benzyl  l-Chloro-8-naphthyl  Sulfone.  The  heating  of  0.70  g  of  benzyl  l-chloro-8-naphthyl  sulfone  with 
3.5  ml  of  concentrated  hydrochloric  acid  in  a  sealed  glass  tube  for  5.5  lu  at  a  batli  temperature  of  200-210*  gave 
a  dark  oil  and  precipitate,  which  were  found  to  be  on  the  bottom  of  the  tube  when  it  was  opened.  The  precipitate 
was  filtered,  washed  with  water,  then  with  b’^o  NaOH  solution,  and  again  with  water.  Here  we  obtained  0.25  g  of 
grayish  substance  with  m.p.  161.5-164*.  The  mixed  melting  point  with  the  starting  sulfone  was  not  depressed. 

The  filtered  neutral  oil  (0.34  g)  failed  to  form  a  picrate,  and  consequently,  did  not  contain  a-chloronaphthalene. 

Sulfones  That  do  not  Show  Steric  Interaction  of  the  Substituents.  Methyl  l-chloro-5-naphthyl,  methyl  1- 
chloro-7-naphtliyl  and  methyl  2-chloro-8-naphthyl  sulfones  when  heated  with  concentrated  hydrochloric  acid 
for  5.5  hr  at  200-210“  were  recovered  unchanged  in  91.5-96<7o  yield.  Tarring  failed  to  occur  here,  and  tlie  melting 
point  of  the  sulfones  decreased  by  only  0.5-2. 5*.  Methyl  1 -naphthyl  sulfone  also  hardly  changes  when  heated  with 
hydrochloric  acid  at  220-230*  (yield  927o).  Tarring  is  observed  at  a  higlier  temperature;  however,  we  were  un¬ 
able  to  detect  the  formation  of  the  0 -isomer. 

The  Heating  of  1-Chloronaphthalencwith  Methanesulfonyl  Chloride.  A  sealed  tube,  containing  2  g  of  1- 
chloronaphthalene  (b.p.  258-250“),  1.41  g  of  methanesulfonyl  chloride  •  (b.p.  161-162*)  and  10  ml  of  concen¬ 
trated  hydrochloric  acid,  was  heated  for  5  hr  at  a  bath  temperature  of  200-210*.  The  tube  contents  (red  oil  and 
colorless  solution)  were  diluted  witli  water  and  then  extracted  with  ether.  The  ether  solution  was  washed  with 
water,  then  with  dilute  NaOH  solution,  dried  over  anliydrous  calcium  chloride,  and  the  ether  removed  by  distilla¬ 
tion.  The  residual  oil  did  not  contain  any  sulfur  compounds  (qualitative  test  using  the  method  given  in  [30]), 
and  treating  a  part  of  it  with  picric  acid  gave  a  picrate  in  83.5‘7o  yield,  which  proved  to  be  identical  with  the 
picrate  of  the  starting  1-chloronaphthalenc.The  oil  distilled  at  256*.  The  boiling  point  given  in  the  literature 
[31]  for  1-chloronaphthalene  is  259.3*  (at  760  mm), 

SUMMARY 

1.  Seven  new  alkyl  chloronaphthyl  sulfones  were  synthesized. 

•  Obtained  according  to  [29]. 
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2.  Tlic  irreversible  migration  of  the  alkylsulfonyl  radical  to  the  adjacent  6 -position  occurred  when  the 
methyl  and  ethyl  1 -chloro-8-naphthyl  sulfoncs  were  heated  with  concentrated  hydrochloric  acid  at  200  and  220 

to  230*,  respectively,  resulting  in  the  formation  of  the  methyl  and  ethyl  l-chloro-7-naphthyl  sulfoncs.  The  reason 
for  the  migration  is  a  spatial  interaction  of  the  chlorine  atom  and  the  sulfonyl  group,  leading,  apparently,  to  an 
emergence  of  tlicsc  substituents  from  tiic  plane  of  the  naphthalene  ring. 

3.  It  was  shown  that  it  is  possible  to  smoothly  remove  the  chlorine  atom  from  alkyl  cdiloronaphthyl  sulfoncs 
by  catalytic  hydrogenation  over  palladium  in  alcohol  — alkali  solution. 
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In  the  previous  communication  [1]  it  was  shown  that  when  mercuric  propionate  is  exposed  to  ultraviolet 
light,  it  suffers  decarboxylation  with  the  formation  of  ethylmercury  propionate  in  good  yield.  As  is  known,  the  ex¬ 
posure  of  mercuric  acetate  to  the  action  of  acetyl  peroxide  [2],  benzoyl  peroxide  [3]  or  the  diacetylatcd  derivative 
of  cyclohexyl  1,1-diliydroperoxide  [3]  results  in  its  decomposition  with  the  formation  of  methylmercury  compounds. 
In  this  paper  we  investigated  the  decarboxylation  of  mercuric  propionate  under  the  influence  of  propionyl  peroxide 
in  propionic  acid  of  benzoyl  peroxide  in  propionic  acid  and  in  benzene,  and  of  hydrogen  peroxide  in  a  mixture  of 
propionic  acid  and  propionic  anhydride. 

The  reaction  of  mercuric  propionate  with  propionyl  peroxide  (molar  ratio  1 : 2)  in  propionic  acid  gave  ethyl- 
mercury  propionate  in  88.8^o  yield.  With  a  1 : 1  ratio  of  the  salt  and  peroxide  die  yield  of  ethylmercury  propionate 
was  657o.  We  also  isolated  mercurous  propionate  and  unrcacted  mercuric  propionate  from  the  reaction  mixture. 

The  gases  were  found  to  contain  CO2,  ethane,  butane,  CO,  and  traces  of  ethylene.  In  addition,  ediyl  propionate 
and  dimethylsuccinic  acid  were  found  to  be  present  in  the  reaction  products. 

In  order  to  elucidate  the  mechanism  of  the  decarboxylation  of  mercuric  propionate  we  investigated  the  re¬ 
action  of  diis  salt  with  benzoyl  peroxide  in  propionic  acid  and  in  benzene.  Together  with  phenylmercury  com¬ 
pounds,  here  we  also  obtained  ethylmercury  compounds,  which  confirms  the  chain  free-radical  mechanism  of  the 
decomposition  of  mercury  propionate.  With  a  3: 1  ratio  of  mercury  propionate  to  benzoyl  peroxide  the  yields  of 
the  ethyl-  and  phenylmercury  compounds  in  propionic  acid  were  respectively  55.4  and  while  in  benzene 

they  were  38.7  and  50.0<7o,  respectively.  Mercurous  propionate  and  biphenyl  were  also  found  in  the  reaction  prod¬ 
ucts.  In  addition,  it  was  shown  that  benzene  is  formed  in  propionic  acid  medium,  while  benzoic  acid  is  formed 
in  benzene  medium.  The  gas  contained  CO2,  ethane,  butane,  CO  and  traces  of  etliylene. 

Based  on  the  products  obtained,  it  is  possible  to  explain  the  decarboxylation  of  mercuric  propionate  by  the 
following  scheme. 


(nC02)2  — =>►  2RCO2  •;  flCO,  .  — >  R  .  -f  CO| 
=  or  C,H,) 


(1) 


C2fl5COOHgOCOC2ll5+ R  •  RIlgOCOC2H5  + 0211^002  •  (initiation) 
C2H:.C02  •  CjHs  .  +  CO, 


(2) 

(3) 
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Hg(OCOC2H5)2  +  CjHs  • 


CzII.sllcOCOCjTI-.-f 
-fC2lijC02  •  (chain  elongation*) 


2.  UgOCOCtHs 


CaHsCOOCoIl-.-f 
-I  .  llpOCbCill;, 
HgjfOCOC^II  .h 


chain 

fragments 


C2H5  •  +  iig2(ococ2n;,)2  ->  C2H5Hgococ2H5+  •  iigocoCiiis 

C2H5.  +  R'll  C2M0+  U'  • 


2C2H5  • 


hydrogen-containing  compound) 
-*•  C4lTio  (dimerization) 


0211(5  -}-  C2H4 


(disproportiona  tion) 


(4) 


(5) 

(6) 

(V 

(8) 

(9) 

(10) 


Progress  of  reaction  (7)  favors  the  presence  of  excess  starting  peroxide.  The  existence  of  reaction  (8)  is  shown 
by  the  large  excess  of  ethane  over  ethylene.  Propionic  acid  apparently  served  as  the  hydrogen  donor. 


C2J«5--f  CH3CH2COOH 
2CH3(:HC001I  - 


C5Hc4  CII3CIICOOH 
CH3CIICOOII 

CH3GIICOOII 


(1# 

(12) 


Dimethylsuccinic  acid  was  found  in  the  reaction  products.  The  formation  of  dimcthylsuccinic  acid  when 
propionyl  peroxide  decomposes  in  propionic  acid  has  been  mentioned  in  the  literature  [6].  Disproportionation  of 
the  CH3CHCOOH  radical  was  not  observed  —  an  unsaturated  acid  was  absent  in  the  reaction  products,  benzene, 
biphenyl  and  benzoic  acid  arc  conventional  decomposition  products  of  benzoyl  peroxide.  An  increased  yield  of 
phcnylmercury  compounds  in  benzene  when  compared  with  reaction  in  propionic  acid  can  probably  be  explained 
by  the  cstafettc  transfer  of  the  phenyl  radical  when  it  reacts  with  benzene. 


C0H5  •  -f-  C^Ho  — *■  C(jHo  C0II5  • 

Reactions  of  this  type  have  been  mentioned  in  the  literature. 

The  formation  of  carbon  monoxide  in  tlie  described  reactions  can  be  explained  by  the  decomposition  of  the 
propionyloxy  radical  [6]. 

C2II3COO  •  — *■  C2HrjOO  •  -f-  V2®2  (14) 

C^H..CO  .  — »•  C2II5  •  -b  CO  (15) 

In  order  to  develop  a  method  for  the  preparation  of  ethylmcreury  compounds  we  reacted  mercury  propionate 
with  hydrogen  peroxide  in  a  mixture  of  propionic  acid  and  its  anliydridc  in  the  same  manner  as  mercury  acetate 
was  reacted  [7].  The  ethylmcreury  compounds  were  obtained  in  7G.3‘7o  yield.  In  addition,  the  other  reaction  prod¬ 
ucts  proved  to  be  metallic  mercury  and  mercuric  and  mercurous  propionates.  Here  the  decomposition  of  the  mer¬ 
cury  propionate  is  probably  caused  by  propionyl  peroxide,  which  is  formed  directly  in  the  reaction  mass.  This 
method  is  convenient  for  the  preparation  of  ethylmcreury  compounds. 

EXPERIM  ENT AL 

Reactants.  The  propionic  acid  was  distilled  over  P2O5.  The  "analytically  pure"  benzene  was  purified  from 
thiophene  and  was  distilled  over  sodium.  The  mercuric  propionate  was  prepared  from  mercuric  oxide  and  propionic 
acid. 


•  Reaction  (4)  may  be  regarded  as  a  reaction  for  the  substitution  of  one  radical  (propionyloxy)  by  another  (etliyl 
radical).  Cases  where  one  radical  has  been  replaced  by  another  have  already  been  mentioned  in  the  literature 
for  other  types  of  compounds  (4,5).  The  decarboxylation  of  mercuric  acetate  under  the  influence  of  tlie  methyl 
radical  [2,  3]  can  also  be  regarded  as  being  a  similar  type  of  reaction. 
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Found  ‘fo:  Hg  57.52.  C5Hio04Hg.  Calculated  %  Hg  57.87. 

The  benzoyl  peroxide  was  prepared  by  the  method  given  in  [8].  Titration  by  the  method  given  in  [9]  indic¬ 
ated  tliat  the  peroxide  was  OS'fo  pure.  The  propionic  anhydride  was  prepared  by  the  fractional  distillation  of  a  mix¬ 
ture  of  acetic  anhydride  and  anhydrous  propionic  acid  (molar  ratio  1 :2).  The  164-166*  fraction  was  collected; 
n“D  1.4035.  Yield  about 

A  solution  of  propionyl  peroxide  was  prepared  by  adding  10  ml  of  27*^0  hydrogen  peroxide  to  a  mixture  of 
52  g  of  propionic  anhydride  and  2  g  of  sodium  hydroxide  with  constant  stirring  and  cooling  in  an  ice-watei  mix¬ 
ture.  The  amount  of  propionyl  peroxide  was  determined  by  the  method  given  in  [10];  its  content  was  0.19-0.22  g 
in  1  ml  of  solution.  The  solution  did  not  contain  any  hydrogen  peroxide. 

The  reaction  was  run  in  the  apparatus  described  by  us  earlier  [2].  The  gases  were  analyzed  as  described 
earlier  [1-3].  ^ 

1.  Reaction  of  Mercuric  Propionate  with  Propionyl  Peroxide  in  Propionic  Acid  at  97-98*.  To  a  heated  mix¬ 
ture  of  10.4  g  of  mercuric  propionate  (0.03  mole)  and  100  ml  of  propionic  acid  was  added  in  5  ml  portions,  in 

2  hr,  44.0  ml  of  a  solution  of  propionyl  peroxide  in  propionic  acid,  containing  8.75  g  (0.06  mole)  of  the  peroxide. 
The  heating  and  stirring  were  continued  for  3.5  fir.  At  the  end  of  reaction  the  system  was  blown  with  air,  the 
same  as  described  earlier  [1-3].  The  collected  gas  contained  CO2  (0.0750  mole),  ethane  (0.0222  mole),  butane 
(0.0065  mole), CO  (0.007  mole),  and  traces  of  etliylene.  Two  grams  of  ethyl  propionate  was  distilled  from  the  re¬ 
action  mass,  and  then  the  propionic  acid  was  removed  by  vacuum-disdllation;  the  distillate  failed  to  contain  any 
unsaturaied  compounds.  The  residue  was  dissolved  in  water,  and  the  ethylmercury  chloride  was  precipitated  from 
the  solution  by  the  addition  of  KCl;  weight  4.89  g;  m.p.  194*  (from  alcohol  and  ether);  tlie  mixed  melting  point 
witli  pure  etliylmercury  chloride  was  not  depressed.  Yield  61.5‘fo.  Treatment  of  the  mother  liquor  with  excess  KI 
gave  2.92  g  of  ethylmercury  iodide;  m.p.  181*  (after  sublimation).  Yield  27.3^o.  The  towl  yield  of  ethylmercury 
compounds  was  SB.Q^o.  Treatment  of  the  filtrate  with  HjS  gave  a  precipitate  of  HgS;  weight  0.69  g,  yield  9.88‘J1», 
The  solution  after  removal  of  the  HgS  was  shown  to  contain  dimethylsuccinic  acid  (pyrrole  test  and  the  formation 
of  fluorescein  when  fused  with  resorcinol  and  zinc  chloride).  We  were  unable  to  detect  the  presence  of  any  mer¬ 
curous  salts  in  the  reaction  products. 

In  another  experiment  we  used  0.03  mole  of  mercuric  propionate,  100  ml  of  propionic  acid  and  4.38  g 
(0.03  mole)  of  propionyl  peroxide.  The  experiment  was  run  in  the  same  manner  as  described  above.  The  collected 
gas  contained  0.0528  mole  of  CO2,  0.0177  mole  of  ethane,  0.0050  mole  of  butane,  0.0003  mole  of  CO,  and  traces 
of  ethylene.  The  yield  of  ethylmercury  compounds  was  65.0%.  Mercurous  propionate  was  also  isolated  in  18.2% 
yield;  13.4%  of  the  starting  salt  failed  to  react. 

2.  Reaction  of  Mercuric  Propionate  with  Benzoyl  Peroxide  in  Propionic  Acid  at  97-98*.  A  solution  of  2.47  g 
of  benzoyl  peroxide  (0.01  mole,  calculated  as  100%)  in  40  ml  of  propionic  acid  was  added  rapidly  to  a  heated  mix¬ 
ture  of  10.4  g  of  mercuric  propionate  (0.03  mole)  and  80  ml  of  propionic  acid.  The  heating  and  stirring  were  con¬ 
tinued  for  4  hr,  after  which  the  system  was  blown  with  air.  The  collected  gas  contained  0.0273  mole  of  COj, 

0.0092  mole  of  ethane,  0.0004  mole  of  butane,  0.0002  mole  of  CO,  and  traces  of  ethylene.  The  precipitate  of 
mercurous  propionate  (1.65  g,  yield  20.1%)  was  filtered  from  the  reaction  mass.  The  solvent  was  removed  from 

the  filtrate  by  vacuum-distillation;  the  distillate  failed  to  contain  any  unsaturated  compounds.  The  residue  was 
dissolved  in  ether  and  die  solution  was  extracted  with  water.  Treatment  of  the  extract  widi  KI  gave  5.8  g  of 
ethylmercury  iodide;  m.p.  181*  (from  alcohol  and  ether).  Yield  54.2%.  The  solvent  was  distilled  from  the  ether 
solution,  the  residue  was  stirred  with  KCl,  and  steam  was  passed  tlirough  the  mixture.  We  obtained  1.50  g  of 
phenyl  mercury  cliloride  from  the  still  residue;  m.p.  253*  (from  acetone),  and  the  mixed  melting  point  with  pure 
phenylmercury  chloride  was  not  depressed.  Yield  I6.O70  (based  on  the  benzoyl  peroxide,  24.0%).  The  steam  dis¬ 
tillate  was  filtered  to  give  biphenyl  (0.06  g,  m.p.  68* ;  die  mixed  melting  point  with  pure  biphenyl  was  not  de¬ 
pressed).  Treatment  of  the  filtrate  widi  KI  gave  an  additional  0.13  g  of  ethylmercury  iodide;  m.p.  182*,  yield 
1.21%.  The  total  yield  of  ethylmercury  iodide  was  5.93  g  (55.41%).  Benzoic  acid  was  not  found  in  the  reaction 
products. 

In  a  separate  experiment,  run  with  the  same  amounts  of  starting  materials,  it  was  shown,  using  the  earlier 
described  metliod  [3],  that  benzene  is  formed  (we  obtained  0.07  g  of  m-dinitrobenzene  with  m.p.  89.5*;  the  mixed 
melting  point  with  die  pure  compound  was  not  depressed). 
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3.  Rcactionof  McrnirtcPropionatc  with  Benzoyl  Peroxide  in  Benzene  at  80*.  A  solution  of  2.47  g  of  benzoyl 
peroxide  (0.01  mole,  calculated  as  lOUfTo)  in  30  ml  of  benzene  was  added  rapidly  to  a  boiling  mixture  of  10.4  g 
of  mercuric  propionate  (0.03  mole)  and  80  ml  of  benzene.  The  heating  and  stirring  were  continued  for  8  hr,  after 
which  die  system  was  blown  with  air.  The  collected  gas  contained  0.0283  mole  of  COj,  0.0027  mole  of  ethane, 
and  0.0002  mole  eacli  of  ethylene,  butane,  and  CO.  Filtration  of  tlie  reaction  mass  gave  0.82  g  of  mercurous  pro¬ 
pionate;  yield  \0^o.  Potassium  chloride  was  added  to  tlie  filtrate,  and  the  benzene  was  distilled  from  the  mixture. 
The  residue  was  steam-distilled.  The  steam  distillate  was  made  alkaline  and  the  biphenyl  was  separated;  weight 
0.01  g;  tn.p.  08";  the  mixed  melting  point  widi  pure  biphenyl  was  not  depressed.  The  still  residue  was  filtered, 
and  the  obtained  precipitate  was  separated  into  2  portions  using  metlianol.  The  1st  portion  wcigiied  4.70  g,  had 
m.p.  252*  (from  acetone),  and  the  rnLxed  melting  point  with  phenylmcreury  chloride  was  not  depressed.  Yield 
60%  (75%,  based  on  tlie  benzoyl  peroxide).  The  2nd  portion  weighed  1.14  g,  had  m.p.  193“  (from  methanol),  and 
did  not  depress  the  melting  point  when  mixed  with  etliylmercury  chloiide.  Yield  14.35%. 

Treatment  of  the  aqueous  solutions  obtained  after  steam-distillation  with  KI  gave  2.61  g  of  etliylmercury 
Iodide  with  m.p.  179*.  Yield  24.4%.  From  the  inotJicr  liquor  we  obtained  0.60  g  of  benzoic  acid,  m.p.  119*;  tlie 
mixed  melting  point  with  tlie  pure  compound  was  not  depressed. 

4.  Reaction  of  Mercuric  Propionate  with  Hydrogen  Peroxide  in  a  Mixture  of  Propionic  Acid  and  Propionic 
Anhydride  at  97-98*.  To  a  mixture  of  10.4  g  of  mercuric  propionate  (0.03  mole),  100  ml  of  propionic  acid  and 
40  ml  of  propionic  anhydride  was  added  in  20  min,  with  stirring  at  room  temperature,  10  ml  of  42%  hydrogen  per¬ 
oxide.  The  mLxturc  was  stirred  for  anotlicr  25  min,  after  which  tlie  temperature  was  raised  to  97-98*.  The  mass 
was  stirred  for  2  hr  at  tliis  temperature.  The  gas  evolution,  copious  at  first,  was  ended  in  1.5  In.  We  separated 
0.13  g  (2.16%)  of  metallic  mercury  from  the  reaction  mass.  Using  the  procedure  described  in  Part  I,  we  isolated 
5.57  g  (70.0%)  of  etliylmercury  chloride  and  0.68  g  (6.35%)  of  etliylmercury  iodide  from  the  reaction  mass.  The 
total  yield  of  etliylmercury  salts  was  76.35%.  The  yield  of  mercurous  propionate  was  1.95%.  The  amount  of  start¬ 
ing  salt  that  failed  to  react  was  16.6%.  Dimethylsuccinic  acid  could  not  be  found  in  the  reaction  mass. 

SUMMARY 

1.  The  reactions  of  mercuric  propionate  with  propionyl  peroxide  in  propionic  acid  and  with  benzoyl  peroxide 
in  propionic  acid  and  in  benzene  were  studied.  It  was  shown  that  the  decomposition  of  mercuric  propionate  pro¬ 
ceeds  by  a  chain  free-radical  mechanism. 

2.  The  C2H5HgX  compounds  were  obtained  in  up  to  88.8%  yield.  The  secondary  reaction  products  were  in¬ 
vestigated.  A  scheme  for  the  decomposition  of  mercuric  propionate  was  proposed. 

3.  A  convenient  method  for  the  synthesis  of  ethylmcreury  salts  was  proposed. 
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In  the  previous  paper  [1]  we  had  shown  that  arenesulfonylquinone  imines  react  with  phenols  in  alkaline  me¬ 
dium  to  give  a  blue  color  (indophenol  reaction).  A  study  of  the  products  of  the  indophcnol  reaction  was  made  only 
for  p-tolucncsulfonylquinone  iminc;  it  was  found  that  reaction  with  phenol  yields  p-tolucnesulfonic  acid  and 
the  simplest  indophcnol.  In  investigating  the  reaction  between  phenol  and  bis(arenesulfonyl)quinone  dilmines, 

R,  Adams  and  co-workers  found  tliat  4-hydroxy-2’,5’-bis(arenesulfonylamido)biphcnyl  (I)  Is  obtained  in  anhydrous 
medium  in  the  presence  of  AICI3,  i.e.,  the  phenol  adds  to  the  quinoidal  system  [2], 


110-^  S 


NHSOjAr 

(I) 


NIISOjAr 


The  indicated  circumstances  caused  us  to  undertake  a  study  of  the  indophenol  reaction  of  arcncsulfonylqui- 
none  imines.  Supplementing  the  earlier  published  work,  we  synthesized  four  new  arenesulfonylquinone  imines  and, 
using  the  method  of  paper  chromatography,  we  investigated  the  products  of  the  indophcnol  reaction  of  a  number  of 
arenesulfonylquinone  imines.  In  this  way  we  confirmed  on  the  basis  of  a  number  of  compounds  the  results  published 
in  the  first  paper,  and  specifically,  that  arenesulfonylquinone  imines  (II)  react  with  phenols  to  yield  indophenols 
and  arcnesulfinates, 

ArS02N=<^“^^0  +  HAr'O-  ArS02-  +  HOAr'— 

(”  *“ 

In  this  connection  we  failed  to  observe  the  formation  of  any  other  compounds,  for  example,  the  products  of 
the  addition  of  arcncsulfinic  acids  to  indophenols,  or  of  compounds  analogous  to  those  obtained  by  R.  Adams,  By 
means  of  individual  experiments  it  was  shown  that  arcncsulfinic  acids,  in  alkaline  medium,  at  room  temperature, 
do  not  react  with  indoplienols  (arcncsulfonylindophenols  are  not  formed).  In  some  of  the  experiments  purple  bands 
with  a  small  relative  mobility  appeared  on  tire  chromatograms  cf  the  products  of  the  indophenol  reaction;  however, 
it  was  establislied  that  exactly  the  same  types  of  bands  are  also  observed  at  times  on  the  chromatograms  of  indo- 
phenols  that  had  been  obtained  by  the  oxidation  of  a  mixture  composed  of  p-aminophcnol  and  the  appropriate 
phenol. 


•Compounds  of  formula  ArS02N  =  Ar"  =0  were  named  as  arylsulfonylquinone  imines  by  us  in  the  first  paper  (H 
since  for  sulfonic  acids  and  amides  the  names  are  formed  from  the  hydrocarbon,  and  not  from  the  radical  (arene- 
sulronic  acids  and  arenesulfonamides),  we  have  changed  the  original  name  to  arenesulfonylquinone  imines. 
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In  deliberating  on  the  possible  nicclianism  of  the  indophcnol  reaction  the  thought  arose  that  the  formation 
of  the  indophcnol  is  linked  witli  the  hydrolysis  of  the  arenesulfonylquinonc  imine  to  arcncsulfonic  acid  and  qul- 
none  imine  in  accordance  with  die  scheme. 

ArS02N=<^”^\=0  +  011-  — >  ArSOa-  +  II _ ^=0 

It  was  then  postulated  that  the  latter  compound  reacts  with  phenol  to  give  the  indophcnol.  For  this  reason 
we  investigated  the  action  of  aqueous  alkali  solutions  on  arenesulfonylquinonc  imincs.  It  proved  that  even  at  low 
temperature  die  arenesulfonylquinonc  imincs  dissolve  in  1  N  alkali  with  the  formation  of  dark  brown  solutions.  A 
flocculcnt  precipitate  is  obtained  wlicn  an  alkaline  solution  of  bcnzencsulfonylquinone  imine  is  neutralized.  In 
the  work  of  R.  Adams  and  co-workers  it  was  mentioned  that  the  reaction  of  aqueous  alkali  solutions  widt  arenesul¬ 
fonylquinonc  imincs  yields  tarry  products  [3].  Purification  of  the  obtained  brown  precipitate  gave  us  a  light-brown 
substance  with  m.p.  155-166*,  which  was  identified  as  being  bcnzcncsulfonyl-p-aminophcnol  (the  melting  points 
coincided,  the  relative  mcbiliiics  when  chromatographed  in  a  mixture  of  n-butanol  and  aqueous  ammonia  solu¬ 
tion  were  the  same,  and  the  mixed  melting  point  was  not  depressed).  To  confirm  our  conclusions  we  studied  the 
action  of  alkali  on  p-bromobenzcncsulfonylquiponc  imine.  f  rom  the  alkaline  solution  we  isolated  in  about 
yield  a  crystalline  substance  with  m.p.  191“,  which  was  identified  as  being  p-bromobcnzenesulfonyl-p-amino- 
phcnol.  As  a  result,  it  was  established  diat  arenesulfonylquinonc  imincs  when  treated  with  alkali  are  reduced  to 
the  corresponding  arcnesulfonyl-p-aminophcnols,  which  arc  completely  stable  to  hydrolysis  by  aqueous  alkali  solu¬ 
tions.  The  obtained  data  permit  refuting  tlie  theory  that  die  indophcnol  reaction  begins  with  the  hydrolysis  of  the 
arenesulfonylquinonc  imincs,  and  support  our  original  viewpoint,  according  to  which  die  arcncsulfonylquinone 
imincs  react  with  phenols  in  alkaline  medium  with  the  formation  of  the  corresponding  indophcnols  and  the  cleav¬ 
age  of  the  arencsulfonyl  radical  as  the  anion  of  the  sulfinic  acid.  It  should  be  mentioned  that  die  arencsulfonyl- 
quinonc  imincs  do  not  form  quinone  oximes  on  hydrolysis,  i.e.,  they  react  in  a  completely  different  manner  than 
the  arcncsulfonntcs  of  quinone  oximes  [4].  Apparently,  the  difference  is  linked  widi  the  fact  that  in  die  case  of 
die  arenesulfonylquinonc  imincs  it  is  die  quinoid  ring  diat  reacts  first;  a  part  of  the  arenesulfonylquinonc  imine  is 
oxidized  to  tarry  products  —  polyliydroxyquinone  Imincs;  otherwise,  it  is  difficult  to  explain  why  the  arenesulfonyl- 
quinonc  imine  is  reduced. 


EXPERIMENTAL 

N-m“Nitrobenzcncsulfonyl-l,4-aminophenol  was  obtained  by  the  acylation  of  p-aminophenol  with  m-nitto- 
benzcncsulfonyl  chloride  in  alcohol  solution  (3.5  lir  at  70").  Rccrystallization  from  water  gave  the  compound  as 
grayish-pink  needles  with  m.p.  187.5*.  Readily  soluble  in  glacial  acetic  acid  and  alcohol,  and  more  difficultly 
soluble  in  benzene. 

N-in-Nitrobcnzcncsulfonyl-l-4-bcnzoquinone  imine  (II,  Ar^  m-N02C6tl4).  Obtained  by  the  oxidation  of 
the  preceding  compound  witli  dichromate  and  20^0  sulfuric  acid.  Ten  grams  of  m-niirobenzenesulfonyl-p-amino- 
phenol  was  added  to  a  solution  of  5  g  (about  50<7o  in  excess  of  the  stoichiometric  amount)  of  sodium  dichromate 
(dihydraie)  in  156  ml  of  20%  sulfuric  acid.  The  mixture  was  stirred  for  1  hr,  after  which  it  was  diluted  with  a  large 
volume  of  water.  The  filtered  precipitate  was  washed  with  water  until  neutral,  and  tlien  witli  a  small  amount  of 
cold  alcohol  in  order  to  remove  the  unoxidized  product,  which  is  much  more  soluble  than  die  oxidation  product. 

The  dry  precipitate  weighed  9  g  (90%).  After  careful  rccrystallization  from  alcohol  the  purified  product  had  m.p. 
156*.  Tile  orange-red  crystals  when  ground  in  a  mortar  give  an  eggrycllow  powder.  Readily  soluble  in  benzene 
,  and  glacial  acetic  acid,  more  difficultly  soluble  in  cold  alcohol,  and  practically  insoluble  in  water.  The  compound 
gives  a  blue  color  with  phenol  in  alkaline  medium.  The  compound  was  analyzed  by  determining  the  oxidation 
equivalent  from  the  amount  of  iodine  liberated  in  acid  medium,  and  from  the  amount  of  nitrogen,  determined  by 
the  Kjcldahl  metliod  (with  prior  reduction). 

Found  %:  N  9.65.  Equiv.  147.5,  147.3.  CijHgOjNjS.  Calculated  %:  N  9.59.  Equiv.  146.1 

N-o-Nitrobcnzencsulfonyl-1 .4-aminophenol.  Obtained  in  the  same  manner  as  the  m-dcrivative  from  p- 
aminophenol  and  o-nitrobcnzcncsulfonyl  chloride  in  alcohol  solution.  Rcprecipitation  from  alkali  solution  and  re¬ 
crystallization  from  water  gave  pink  crystals,  m.p,  137*. 

N-o-Nitrobcnzencsulfonyl-1, 4-bcnzoquinone  imine  (II,  Ar  =o-N02CgH4).  Obtained  by  the  oxidation  of  the 
preceding  compound  witli  diclirornate  in  20%  sulfuric  acid.  Orange-red  crystals  or  yellow  powder  (when  ground). 
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m.p.  152-153’ (decomposition).  Readily  soluble  in  benzene  and  glacial  acetic  acid,  more  difficultly  soluble  in 
cold  alcohol,  and  practically  insoluble  in  water.  The  compound  gives  a  blue  color  with  phenol  ora-naphthol  in 
alkaline  solution. 

Found  %:  N  9,55.  Equiv.  146.2,  146.4.  C12H3O5N2S,  Calculated  <7o:  N  9,59.  Equiv.  146.1, 

N-p-Chlorobcnzcncsulfonyl-l,4-aminophenol.  To  a  solution  of  15.9  g  of  sodium  carbonate  in  200  ml  of 
water  were  added  in  portions,  witJi  mechanical  stirring,  14.7  g  of  p-aminophcnol  hydrochloride  (0.101  mole)  and 
21.1  g  (0.1  mole)  of  p-chlorobcnzcncsulfonyl  chloride.  The  mixture  was  heated  to  70*  and  kept  at  this  tempera¬ 
ture  witli  stirring  until  tiie  odor  of  tlic  sulfonyl  chloride  had  disappeared  (approximately  2.5  hr).  After  this  the 
precipitate  was  cooled  and  filtered,  washed  with  water,  and  dried.  The  yield  was  nearly  quantitative.  Reprecipi¬ 
tation  from  alkaline  solution  and  rccrystallization  from  water  gave  the  compound  its  pink  needles  with  m.p.  178*. 
Readily  soluble  in  glacial  acetic  acid  and  alcohol,  and  more  difficultly  soluble  in  benzene,  ^ 

N-p-Chlorobcnzcncsulfonyl-l,4-benzoquinone  imine  (II,  Ar  =p-ClC(;Hj).  Obtained  by  the  oxidation  of  the 
preceding  compound  with  dichrornate  in  20‘y,>  FI25O4  (room  temperature,  1  hr).  The  yield  of  air-dried  product  was 
90%.  Attempts  to  recrystallize  the  compound  from  alcohol  resulted  in  its  reduction  to  the  starting  N-p-chloto- 
benzcnesulfonyl-p-aminophenol.  A  better  method  of  purification  is  to  remove  the  acid  from  the  product  on  the 
filter  by  washing  witli  water,  followed  by  washing  with  cold  alcohol,  and  here  the  yield  is  about  80%.  Recrystal¬ 
lization  from  n-octane  gave  a  somewhat  poorer  result.  Yellow  powder  or  yellow-orange  crystals,  m.p,  127.5*. 
Readily  soluble  in  benzene  and  glacial  acetic  acid,  and  difficultly  soluble  in  cold  alcohol  and  in  n-octane.  The 
compound  gives  a  blue  color  with  phenol  or  ot-naplithol  in  alkaline  medium. 

Found  %:  N  4.99,  Equiv.  140.4,  140.4.  CijHsOsNSCl.  Calculated  %:  N  4.97.  Equiv.  140.9. 

N-p-nromobenzencsulfonyl-1.4-aminophenol.  Obtained  by  the  acylation  of  p-aminophenol  with  p-bromo- 
bcnzcnesulfonyl  chloride  in  sodium  carbonate  solution.  Reprecipitaiion  from  caustic  solution  and  subsequent  re¬ 
crystallization  from  water  gave  tlic  compound  as  pink  needles,  m.p.  192.5*.  Readily  soluble  in  glacial  acetic  acid 
and  alcoijol,  and  more  difficultly  soluble  in  benzene  and  in  water, 

N-p-bromobcnzc.nesulfonyl-l,4-bcnzoquinone  imine  (ll,  Ar  =p-BrC6H4).  Obtained  by  the  oxidation  of  N- 
p-bronioI)cnzctiesulfonyl-p-aniinophcnol  with  sodium  dichromate  in  20%  sulfuric  acid.  The  product  was  purified 
by  washing  with  cold  alcoliol,  followed  by  rccrystallization  from  n-octanc.  Yellow-orange  needles  from  octane, 
which  changed  to  a  yellow  powder  when  ground  in  a  mortar.  Readily  soluble  in  benzene  and  glacial  acetic  acid, 
more  difficultly  soluble  in  cold  alcohol,  and  practically  insoluble  in  water.  The  compound  gives  the  indophenol 
reaction.  M.p.  141.5*. 

Found  %:  N  4.31.  Equiv.  162.6,  162.7.  Ci2H803NSBr.  Calculated  %:  N  4.29.  Equiv.  163.1. 

Chromatographing  of  products  of  indophenol  reaction.  To  identify  the  products  of  the  indophenol  reaction 
we  used  the  method  of  distributive  chromatograpliy  in  a  mixture  composed  of  n-butanol  and  aqueous  ammonia 
solution  at  concentrations  of  30  and  10  g/ liter  (volume  ratio  of  n-butanol  to  aqueous  ammonia  solution  =1:1), 

For  purposes  of  chromatographing,  the  indophenol  reaction  was  run  in  aqueous  ammonia  solution  with  the  appropri¬ 
ate  phenols.  Tiie  intensely  blue-colored  solution  was  deposited  on  chromatographic  paper  and  the  chromatograph¬ 
ing  was  done  on  strips  of  the  paper  (same-size  ascending  chromatograms).  For  comparison  we  determined  tlie 
relative  mobility  of  ammoniacal  solutions  of  benzencsulfinic  acid  (the  developing  was  done  by  sprinkling  with 
ferric  chloride  solution),  indophenol  N-oxidc  [5],  and  indoplienols,  obtained  by  tlie  joint  oxidation  of  p-amino¬ 
phcnol  and  the  appropriate  plienol  with  potassium  fcrricyanide  in  alkaline  medium.  The  developing  of  the  ben- 
zenesulfinic  acid  chromatograms  was  done  by  sprinkling  the  air-dried  strips  witli  ferric  chloride  solution:  ben- 
zcncsulfimc  acid  gives  an  orange  color  with  FCCM3  [6].  Intense  blue  bands  (in  ammonia  vapors),  belonging  to  the 
corresponding  indoplienols,  were  obtained  on  the  chromatograms.  The  relative  mobilities  of  the  colored  products 
of  the  indophenol  reaction  practically  coincided  with  tlic  relative  mobilities  of  the  corresponding  indophenols 
(Table  1). 

Action  of  alkali  solutions  on  arcnesulfonvlquinonc  imines.  a)  To  0.5  g  of  bcnzcncsulfonyl-l,4-bcnzoqui- 
none  imine  was  added  20  ml  of  1  N  NaOlI  and  the  mixture  was  stirred  at  room  temperature  until  solution  had 
been  achieved.  Tlie  obtained  dark  brown  solution  was  neutralized  by  the  addition  of  20  ml  of  1  N  HCl,  The 
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TABLE  1 


Relative  Mobilities  of  Products  of  Indophenol  Reaction  of  Arenesulfonylquinone  Imines  with  Phenols 


Expt, 

No. 

Arenesulfonylquinone  Imine 

ArOH 

Reaction  product 

Ammonia  concen¬ 
tration  (g/ liter) 

10 

30 

1 

j 

- 

Indophenol 

0.59 

0.59 

2 

Benzenesulfonylquinone  intinc 

Phenol 

The  same 

0.59 

1  0.60 

3 

p-Tolucncsulfonylquinone  imine 

Phenol 

The  same 

0.59 

0.58 

4 

m-Nitrobenzencsulfonylquinone 

imine 

Phenol 

The  same 

0.59 

0.59 

5 

o-Nitrobenzcncsulfonylquinone 

imine 

Phenol 

The  same 

0.60 

0.59 

6 

p-Chlorobenzenesulfonylquinone 

imine 

Phenol 

The  same 

0.60 

0.60 

7 

- 

- 

Mctliylindophenol 

0.74 

0.76 

8 

Benzenesulfonylquinone  imine 

o-Cresol 

The  same 

0.74 

0.77 

9 

— 

- 

Tltymylindophenol 

0.96 

0.94 

10 

Benzenesulfonylquinone  imine 

Thymol 

The  same 

0.96 

0.93 

11 

— 

— 

Indophenol  N- oxide 

0.49 

0.51 

Remarks,  1)  The  pure  indophcnols,  obtained  from  the  corresponding  phenols,  were  subjected  to  chromatographing 
in  Experitnents  1,  7,  9,  and  11.  2)  It  is  possible  to  detect  weak  orange  bands  with  a  relative  mobility  of  0.49  on 
the  chromatograms  in  Expts.  2  and  8  after  developing.  3)  Determination  of  the  mobility  of  benzenesulfinlc  acid 
gave  a  value  of  0.48  .  4)  Tlte  values  of  tlic  relative  mobilities  are  given  as  the  average  of  three  parallel  experi¬ 
ments.  5)  The  temperature  during  chromatographing  was  18*. 

TABLE  2 


Chromatographing  of  Products  Obtained  from  Arenesulfonylquinone  Imines 


Expt. 

No. 

Solvent  for 
chroma  tographing 

investigated 

substance 

benzcnesulfonyl- 

1,4-aminophcnol 

1 

n- Butyl  alcohol  —  NH4OH 

10  g/ liter  (1  : 1) 

0.94 

0.93 

2 

Benzene— methanol  — 

NH4OH,  10  g/ liter 

(1:1:1) 

0.39 

0.41 

Remarks.  1)  The  temperature  during  chromatographing  was  20*.  2)  The  develop¬ 
ing  was  done  by  running  the  quinone  bromimide  reaction:  the  procedure  was  to 
treat  the  dried  strip  of  paper  with  bromine  vapors,  then  add  the  phenol  (as  a  solu¬ 
tion  in  benzene),  and  finally  treat  with  ammonia  (as  an  aqueous  solution). 


obtained  brown  precipitate  was  filtered,  washed  with  water,  and  dried  in  the  air;  weight  0.44  g.  The  substance 
is  easily  changed  to  a  tar  by  heating  at  50*.  The  compound  was  purified  by  2  reprecipitations  from  alkali  solu¬ 
tion  and  washing  with  a  small  amount  of  hot  water.  Yellow-orange  powder,  m.p.  155*.  The  mixed  melting  point 
with  authentic  benzenesulfonyl-p-aminophenol  was  not  depressed;  the  mixture  with  benzenesulfonamide  decom¬ 
posed  at  127*  (a  depression  of  28*).  The  compound  gives  the  quinone  bromimide  reaction  on  paper:  the  compound 
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gives  an  intense  blue  color  when  treated  with  bromine  vapors,  followed  by  the  addition  of  phenol  and  exposure 
to  ammonia  vapors.  To  establish  the  identity  of  the  investigated  substance  with  benzenesulfonyl-p-aminophenol 
we  subjected  it  to  chromatographing  (Table  2). 

b)  To  0.5  g  of  p-bromobenzencsulfonyl-l,4-benzoquinone  imine  was  added  50  ml  of  1  N  NaOH  and  the 
mixture  was  stirred  at  room  temperature  until  complete  solution  had  been  achieved,  after  which  the  solution  was 
filtered.  With  stirring,  the  brown-red  filtrate  was  neutralized  with  50  ml  of  1  N  HCl.  The  obtained  brown-yel¬ 
low  crystalline  precipitate  was  filtered,  washed,  and  dried  to  give  0.33  g  (GG'T'o)  of  product  with  m.p,  191*.  The 
mixed  melting  point  with  p-bromobenzenesulfonyl-l,4-aminophenol  was  not  depressed. 

SUMMARY 

1.  Four  new  arenesulfonylbenzoquinone  imines,  containing  chlorine,  bromine  or  the  nitro  group  in  the  , 
arenesulfonyl  radical,  were  synthesized. 

2.  The  products  of  the  indophenol  reaction  were  investigated  using  the  paper  chromatography  method; 
the  formation  of  indophenols  and  arencsulfinic  acids  was  confirmed. 

3.  The  reaction  of  arenesulfonylquinone  imines  with  aqueous  alkali  solutions  was  investigated;  it  was  found 
that  arenesulfonyl-l,4-aminophenols  are  formed  here. 
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SYNTHESIS  OF  CHELANTS  IN  THE  SERIES  OF  AZOXY  COMPOUNDS 
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In  search  of  chclants,  possessing  a  high  selectivity  in  reactions  with  cations,  we  undertook  the  synthesis  of 
some  chelants  in  die  series  of  azoxy  compounds,  in  which  the  azoxy  group  can  function  as  the  intermediate  elec¬ 
tron-donor  group.  Convenient  starting  materials  for  the  synthesis  of  compounds  of  this  type  proved  to  be  the  deriv¬ 
atives  of  o-amino-o'-hydroxyazoxybenzene,  which,  in  contrast  to  the  corresponding  azo  compounds,  diazotize 
with  ease  to  form  diazonium  compounds  that  couple  readily.  These  compounds  when  coupled  with  the  properly 
selected  azo  components  yield  o’-hydroxy-o-azoazoxy  compounds,  substituted  in  the  ortho  "-position,  and 
specifically,  the  previously  unknown  o*,o"-dihydroxy-o-azoazoxy  compounds. 

The  present  paper  is  devoted  to  one  member  of  this  series,  namely,  2*-hydroxy-5’-methylbenzene-(l'- 
azoxy-l)-benzene-(2-azo-l")-2"-hydroxynaphthalene  (VI),  the  synthesis  of  which  was  accomplished  as  outlined 
in  the  following  scheme: 


CO — C«H4 
I  / 
N-CO 


NO, 


(I) 


CO— C0II4 

I  / 

N-CO 


NH, 


CO— C«H4 


(II) 


u 


OH 

‘  u 


CH, 


(IV) 


I 

CHj 

(V) 
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nr 


/  \ _ 

\ _ /  \ 

\ _ / 

N=N/'  ^oh 


oil 


\/ 

I 

CH3 


(VI) 


According  to  the  literature  data  it  is  possible  to  obtain  compound  (I)  by  the  fusion  of  o-nitroanillne  with  ^ 
phthalic  anliydride  [1],  and  also  by  the  condensation  of  the  indicated  reactants  in  glacial  acetic  acid  [2,  3],  Ac¬ 
cording  to  our  data,  better  results  are  obtained  if  the  components  are  heated  in  the  presence  of  a  small  amount 
of  nitrobenzene. 

Amine  (II)  was  obtained  earlier  by  the  reduction  of  (I)  with  iron  in  aqueous  alcohol  medium  [1],  with  sodium 
hydrosulfitc  in  aqueous  acetone  medium,  and  by  catalytic  reduction  with  palladized  carbon  as  thc  catalyst  [5], 

We  ran  the  reduction  with  iron  in  aqueous  acetone  medium.  To  obtain  azo  compound  (III),  amine  (II)  was  diazo- 
tized  and  coupled  with  p-cresol. 

The  oxidation  of  azo  compound  (III)  was  accomplished  with  hydrogen  peroxide  in  glacial  acetic  acid, 

Azoxy  compound  (IV)*  was  hydrolyzed  with  hydrazine  hydrate  in  alcohol  medium  to  (V)  from  which  by  diazotiz- 
ation  and  coupling  with  2-naphthol  we  obtained  (VI),  and  then  its  copper  complex  (VII)  with  a  1 ;  1  composition.*  • 

The  light-absorption  curves*  •  •  of  0.001%  (by  weiglit)  solutions  of  (VI)  and  (VII)  in  chloroform  and  in  diox- 
ane  arc  shown  in  the  figure. 

The  ability  of  the  obtained  compounds  to  fortn  complexes  will  be  the  subject  of  a  separate  paper. 


EXPERIMENTAL 

2-Nitro-l-phthalimidobcnzcne  (I).  Fifteen  milliliters  of  nitrobenzene  was  added  to  a  vigorously  stirred 
mixture  of  finely  divided  o-nitroaniline  (55  g)  and  phthalic  anliydride  (118  g).  The  mixture  was  heated  at  180-190* 
for  20  hr,  after  which  the  molten  reaction  mass  was  poured  with  stirring  into  water  (800  ml),  the  product  washed 
on  the  filter  with  water  (1.5  liters),  and  then  recrystallized  from  acetone  (1 ;  9).  ••  *  •  Yield  80  g  (13%),  m.p, 
203-204*.  Literature  data  [4):  m.p.  202-203*. 

2- Amino-1 -phthalimidobenzene  (II).  A  mixture  of  250  ml  of  water,  10  g  of  powdered  iron,  and  2  ml  of 
acetic  acid  was  added  to  a  solution  of  10  g  of  2-nitro-l-phthalimidobenzcne  (I)  in  250  ml  of  acetone.  The  reac¬ 
tion  mass  was  stirred  for  3  hr  at  35-45",  after  which  activated  carbon  was  added,  the  mixture  refluxed  for  10  min, 
then  filtered,  and  the  filtrate  was  poured  over  ice  (400  g).  The  precipitate  was  recrystallized  from  alcohol  (1 :  50). 
Yield  6-7  g  (40-45%).  M.p.  187-190*.  Literature  data  [4]:  m.p.  188-189*. 

Found  %:  N  11.89.  C,4Hio02N2.  Calculated  %:  N  11.76. 

2-Phthalimido-2’-hydroxy-5’-methylazobenzene  (III).  The  diazotization  of  (II)  was  done  as  described  in 
[6].  A  mixture  of  2.4  g  of  (II)  and  12.4  ml  of  hydrochloric  acid  was  heated  for  several  minutes,  after  which  24.7  g 
of  ice  and  a  solution  of  0.76  g  of  sodium  nitrite  in  10  ml  of  water  were  added.  The  temperature  was  kept  between 
0  and  3*.  The  diazo  solution  and  a  solution  of  anhydrous  sodium  carbonate  (13.5  g  in  50  ml  of  water)  were  gradu¬ 
ally  added  at  the  same  time  to  an  alcohol  solution  of  p-cresol  (1.19  g  in  100  ml  of  alcohol),  after  which  the  reaction 


•  The  exact  position  of  the  oxygen  in  the  azoxy  group  has  as  yet  not  been  esttiblishcd  by  us, 

•  •  All  of  the  synthesized  azoxy  compounds  give  a  positive  Feigl  test  for  the  azoxy  group  [7J 

•  •  •  The  light-absorption  curves  were  taken  by  M.  P.  Khoroshkova. 

•  •  •  *  The  first  figure  gives  the  number  of  grams  of  substance  taken  for  recrystallization,  and  the  second  gives  the 
number  of  milliliters  of  solvent. 
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solutions  of  2’-hydroxy-5’-mctliyl- 

benzcnc-(l’-azoxy-l)-benzene- 

(2-azo-l")“2*-hydroxynaphthaIene 

(VI)  and  of  its  copper  complex  (VII) 
in  chloroform  and  in  dioxane. 

1)  (VI)  in  chloroform;  2) (VI)  in  di¬ 
oxane;  3)  (VII)  in  chloroform;  4) 

(VII)  in  dioxane. 


mass  was  kept  for  1  hr  at  0*,  acidified  with  hydrochloric  acid  until 
acid  to  Congo  red,  the  separated  dye  washed  witli  water,  and  then 
recrystallized  from  acetic  acid  (1:7).  Yield  2-2.2  g  (56-61^^).  The 
compound  was  obtained  as  red-orange  crystals,  m.p.  160-162*. 

Readily  soluble  in  acetone,  acetic  acid,  dioxane,  benzene,  chloro¬ 
form,  carbon  tetrachloride,  n-butyl  alcohol,  amyl  alcohol,  and  in 
hot  alcohol,  and  insoluble  in  water. 

Found  <7o:  N  11.76.  C21II15O3N3.  Calculated  ^0:  N  12.21. 

2-Phthalimido-2*-hydroxy-5'-mcthylazoxybc.nzene  (IV).  To 
a  solution  of  2  g  of  (III)  in  60  ml  of  acetic  acid  was  added  18  ml  of 
30%  hydrogen  peroxide  and  the  mixture  was  heated  for  18  hr  at  70 
to  80*.  Here  the  color  of  the  solution  gradually  changed  from  dark 
red  to  orange.  The  solution  after  filtration  was  poured  over  ice 
(400  g),  the  product  washed  on  the  filter  with  distilled  water,  and  then 
dried  in  the  dark.  Yield  1.2-1. 3  g  (57-61%).  A  sample  for  analysis 
was  purified  by  rccrystallization  from  n-butanol.  Yellow  powder, 
m.p.  154-155*.  Readily  soluble  in  acetone,  acetic  acid,  dioxane, 
benzene,  and  chloroform,  soluble  in  ethyl  alcohol,  carbon  tetrachlo¬ 
ride,  and  n-butyl  alcohol  when  heated,  and  insoluble  in  water. 


Found  %:  C  67.25;  H4.23;  N  11.0. 
C  67.56;  H  4.02;  N  11.26. 


C21H15O4N3.  Calculated  %: 


2-Amino-2*-hydroxy-5*-methylazoxybcnzene  (V).  To  a  solu¬ 
tion  of  0.5  g  of  (IV)  in  30  ml  of  alcohol  was  added  0.3  g  of  hydrazine 
hydrate  and  the  mixture  was  heated  at  75-80*  for  15  hr,  after  which 
concentrated  hydrochloric  acid  (30  ml)  was  added  and 
the  heating  was  continued  for  another  6-7  hr.  The  solution  was  fil¬ 
tered,  the  filtrate  diluted  with  water  (30  ml), then  neutralized  with 
sodium  bicarbonate  until  neutral,  and  the  separated  2-amino-2'-hydtoxy-5’-methylazoxybenzenc  was  recrystal¬ 
lized  from  dilute  (1  ;2)  alcohol  (1 :  30).  Orange  powder,  m.p.  126*.  Readily  soluble  in  alcohol,  chloroform,  car¬ 
bon  tetrachloride,  acetic  acid,  acetone,  benzene,  and  n-butyl  alcohol,  and  insoluble  in  water. 


Found  %:  C  64.00;  H  5.85;  N  16.60.  C,3Hi302N3.  Calculated  %:  C  64.19;  H  5.35;  N  17.28. 

2*-Hydroxy-5'-methylbcnzene-(l*-azoxy-l)-benzene-(2-azo-l")-2"-hydroxynaphthalenc  (VI).  The  2- 
amino-2’-hydroxy-5'-methylazoxybenzene  (V)  in  the  filtrate  obtained  after  the  hydrolysis  of  0.5  g  of  2-phthali- 
mido-2*-hydroxy-5’-methylazoxybenzene  (IV)  was  diazotized  and  coupled  with  2-naphthol.  The  diazotization 
was  run  with  excess  sodium  nitrite;  the  excess  was  removed  by  the  addition  of  urea.  To  prepare  the  azo  com¬ 
ponent  we  dissolved  0.3  g  of  2-naphthol  in  30  ml  of  20%  NaOH.  The  coupling  was  run  in  sodium  carbonate- 
alkali  medium.  The  separated  dye  was  stirred  with  dilute  (1 : 1)  hydrochloric  acid  (70  ml),  filtered,  and  then 
purified  by  reprecipitation  (by  acidification  of  an  alkaline  alcohol  solution),  followed  by  recrystallization  from 
a  mixture  of  benzene  and  butanol  (1  : 1),  and  then  from  chloroform.  Yield  0.07  g  (13.2%,  based  on  2-phthalimido' 
2*-hydroxy-5'-methylazoxybenzene).  Dark  red  scales,  m.p.  229-230*.  Readily  soluble  in  acetone,  dioxane,  ben¬ 
zene,  chloroform,  and  carbon  tetrachloride;  soluble  in  ethyl,  amyl,  and  n-butyl  alcohols,  and  in  acetic  acid  when 
*■  heated;  insoluble  in  water.  The  molar  extinction  coefficient  at  chloroform  was  18,100  and  in 

dioxane  it  was  21,200. 


When  a  chloroform  solution  of  dye  (VI)  is  shaken  with  water  solutions  of  copper,  cobalt  or  calcium  salts  in 
alkaline  medium  the  color  of  tlie  chloroform  layer  changes  from  pinkish-orange  to  crimson  for  copper,  brownish- 
purple  for  cobalt,  and  colorless  for  calcium. 

Found  %:  C  69.04;  H  4.95;  N  14.61.  C23H20O3N4.  Calculated  %:  C  69.0;  H  5.0;  N  14.0 

Copper  Complex  (VII).  A  solution  of  0.08  g  of  copper  acetate  monohydrate  in  50  ml  of  water  and  5  ml  of 
2N  NaOH  were  added  to  a  solution  of  0.15  g  of  (VI)  in  150  ml  of  chloroform.  The  mixture  was  shaken  vigorously 
for  1  hr  and  then  was  allowed  to  stand  overnight.  The  separated  complex  was  washed  with  hot  water  (150  ml) 
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and  then  was  recrystallized  from  dioxane  (40  ml).  The  compound  was  obtained  as  cherry-brown  scales  with  de¬ 
composition  point  around  300*.  Readily  soluble  in  dioxane,  soluble  in  alcohol,  acetone,  acetic  acid,  benzene, 
carbon  tetrachloride,  n-butyl  alcohol,  and  amyl  alcohol  when  heated,  difficultly  soluble  in  chloroform,  and  in¬ 
soluble  in  water.  The  molar  extinction  coefficient  at  Xmax  ^20  mp  in  chloroform  was  28,500,  and  in  dioxane 
it  was  18,700, 

Found  «fo:  C  60.66;  H  4.2;  N  11.66;  Cu  13.1,  13.7.  CjsHigOjN^Cu.  Calculated  oj„:  C  59.8;  H  3.9;  N  12.13; 

Cu  13.76 

SUMMARY 

2-Phthalimido-2'-hydroxy-5'-methylazobcnzcne,  2-phthalimido-2'-hydroxy-5’-methylazoxybenzene,  2- 
am ino-2 ’-hydroxy -5 '-methylazoxybenzene,  2'-hydroxy-5’-methylbenzene-(l  '-azoxy-l-)-benzene-(2-azo-l")-. 
2"-hydroxynaphthaIene,  and  the  copper  complex  of  the  last  compound  with  1:  1  composition,  were  synthesized  and 
characterized  for  the  first  time. 
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The  first  stage  of  the  thermal  decomposition  of  benzoyl  peroxide  (BP)  in  solution  Is  Its  dissociation  into 
benzoyloxy  radicals,  which  in  turn  can  decompose  further  into  phenyl  radicals  and  carbon  dioxide.  If  these  re¬ 
actions  (1,2) 

(CoH;,COO)2  ^  2Cell:.COO.  (1) 

CelljCOO  .  Co»5'  +  CO,  (2) 


proceed  reversibly,  then  if  they  are  run  in  the  presence  of  "labeled"  carbon  dioxide  the  "label"  should  transfer 
to  the  undecomposed  benzoyl  peroxide.  In  addition,  the  "label”  should  also  transfer  to  the  benzoic  acid  formed 
by  the  reaction  of  the  benzoyloxy  radicals  with  the  solvent. 


CoIIsCOO-  +  HR  —  CeliiCOOH  R. 

The  rate  of  reaction  (3)  is  strongly  dependent  on  die  temperature  and  the  nature  of  the  solvent. 


(3) 


TABLE  1 


Expt. 

Solvent  (for  the  mixtures  expres¬ 
sed  in  molar  ratios) 

Expt. 

Initial 

BP  con- 

Reac¬ 

tion 

l-xtent 
of  BP 
decom¬ 
position 

m 

Relative  activ¬ 
ity  ofCO,  (im¬ 
pulses/ min) 

No. 

temp. 

centra- 

tion(M) 

time(lu) 

1 

Benzene 

75° 

0.206 

7 

50 

0 

2 

The  same 

75 

0.206 

7 

50 

0 

3 

Benzene— isopropyl  alcohol 
(1:1) 

70 

0.075 

5 

2 

— 

4 

The  same 

70 

0.075 

5 

— 

3 

5 

>  » 

70 

0.075 

5 

— 

1 

— 

6 

Benzene-cumene(l ;  1) 

70 

0.075 

6 

20 

9 

— 

7 

The  same 

70 

0.075 

6 

20 

3 

— 

8 

•  t 

70 

0.075 

6 

20 

6 

_ 

9 

Isopropyl  alcohol 

80 

0.026 

6 

— 

— 

0 

10 

Benzene- isopropyl  alcohol 
(1:1) 

80 

0.2 

5 

80 

— 

11 

11 

The  same 

80 

0.2 

5 

80 

— 

15 

12 

Benzene— n-butyl  alcohol 
(9:1) 

80 

0.11 

3.5 

60 

— 

0 

13 

The  same 

80 

0.11 

3.5 

60 

— 

4 

14 

Carbon  tetrachloride 

80 

0.105 

6 

16 
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TABLE  2 


Reaction  time  (hr) 

0 

I 

1.5 

3.0 

6.0 

BP  concentration  (M): 

Experiment  1 

0.206 

0.179 

0.147 

0.117 

Experiment  2 

0.206 

0.176 

0.148 

0.111 

We  ran  the  decomposition  of  benzoyl  peroxide  in  the  presence  of  in  carbon  tetrachloride,  in  benzene, 
in  an  equimolar  mixture  of  benzene  and  cumene,  and  also  in  several  alcohol— benzene  mixtures.  The  results  ob¬ 
tained  by  us  are  summarized  in  Table  1.  , 

As  can  be  seen  from  the  data  in  Table  1,  the  relative  activity  (Aj)  of  the  carbon  dioxide  obtained  in  the 
combustion  of  benzoic  acid,  formed  in  accordance  with  reaction  (3),  is  very  small  in  all  of  the  experiments  and 
does  not  exceed  the  ground  by  more  than  5-9  impulses/ min,  which  lies  within  the  limits  of  counting  error.  This 
serves  as  convincing  proof  that,  first,  under  our  experimental  conditions  reaction  (2)  went  practically  in  an  ir¬ 
reversible  manner,  and  second,  that  the  exchange  of  carbon  between  the  benzoyloxy  radicals  and  carbon  dioxide 
in  accordance  with  reaction  (4)  failed  to  occur. 

CttlliCOO.  -f  C^Oa  — >  CfilliCi^OO-  -f  CO, 

The  same  results  were  obtained  when  the  relative  activity  of  the  carbon  dioxide  obtained  in  the  combustion 
of  a  mixture  of  all  of  the  nonvolatile  reaction  products  (A2)  was  measured. 

The  decomposition  of  the  benzoyloxy  radicals  went  irreversibly,  not  only  in  solvents  in  which  reaction  (3) 
plyed  a  minor  role  (benzene,  carbon  tetrachloride),  but  also  in  solvents  in  which  the  formation  of  benzoic  acid, 
according  to  reaction  (3)  went  easily  (alcohols,  and  their  mixtures  with  benzene). 

The  decomposition  of  benzoyloxy  radicals  is  a  weakly  exothermic  process  [1],  for  which  reason  the  energy 
of  activation  of  the  reversible  reaction,  according  to  the  Polanyi— Semenov  rule  [2],  is  12-15  kcal/molc.  Such 
a  small  value  for  the  energy  of  activation  should  predicate  a  fairly  rapid  rate  for  the  reaction  of  phenyl  radicals 
with  carbon  dioxide.  If  as  actually  was  the  case,  such  reaction  was  not  observed,  then  it  is  possible  to  conclude 
that  this  was  due  to  the  large  increase  in  the  entropy  in  forming  the  activated  complex. 

It  should  also  be  mentioned  that  the  decomposition  of  benzoyl  peroxide  in  benzene  at  75*  went  at  a  con¬ 
stant  rate  (Table  2),  independent  of  whether  the  experiment  was  run  in  ampuls  from  which  the  air  had  been  pre¬ 
viously  removed  (Expt.  1),  or  in  ampuls  filled  with  carbon  dioxide,  the  initial  pressure  of  which  was  2.5-3  atm 
(Expt.  2). 


EXPERIMENTAL 

The  benzoyl  peroxide  was  purified  by  being  recrystallized  3  times.-  The  solvents  used  in  our  study  were 
purified  in  conventional  manner.  The  carbon  dioxide  containing  the  radioactive  carbon  isotope  was  obtained 
by  tlie  method  given  in  [3]. 

The  experiments  were  run  in  several  40-ml  glass  ampuls,  each  containing  10  ml  of  BP  solution.  Then  each 
ampul  was  immersed  in  turn  in  liquid  nitrogen  and  the  gases  removed  by  evacuation.  After  this  the  solution  was 
warmed  to  room  temperature,  and  then  the  cooling  in  liquid  nitrogen  and  removal  of  the  gases  from  the  liquid 
by  evacuation  were  repeated.  Not  removing  the  ampul  from  the  liquid  nitrogen,  a  known  amount  of  carbon  di¬ 
oxide  containing  was  then  added  to  the  ampul,  the  amount  taken  being  such  that  the  gas  pressure  in  the 

ampul  at  room  temperature  was  2.5-3  atm.  This  pressure,  depending  on  the  nature  of  the  solvent,  corresponded 
to  0.05-0.1  mole  of  CO2  dissolved  in  1  liter  of  liquid  [4].  The  carbon  dioxide  that  we  used  had  a  high  concen¬ 
tration  of  radioactive  carbon  (with  a  specific  activity  of  3.2*10®  impulses/ min  per  gram  of  CO,  in  Experiments 
1-8,  and  2.3' 10®  impulses/ min  per  gram  of  CO,  in  Experiments  9-14  (Table  1).  The  use  of  a  gas  with  such  a 
high  specific  activity  made  it  possible  to  obtain  quite  concrete  results.  The  ampul  was  sealed  adding  the  CO,. 
Several  ampuls  were  prepared  in  the  manner  just  described,  and  then  they  were  all  placed  at  one  time  in  the 
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thermostat  liquid  and  kept  there  for  a  known  length  of  time.  On  conclusion  of  heating,  the  carbon  dioxide  was 
evacuated  from  the  ampuls  and  frozen  in  a  special  trap  that  was  cooled  with  liquid  nitrogen. 

In  the  first  series  of  experiments  the  benzoic  acid  was  extracted  from  the  reaction  mixture  by  leaching  with 
dilute  caustic  solution.  Tlicn  the  alkaline  extract  was  acidified, thcbenzoic  acid  removed  from  the  aqueous  solu¬ 
tion  by  extraction  with  diethyl  ether,  and  the  solvent  was  removed  by  evaporation.  In  the  second  series  of  ex¬ 
periments  the  mixture  of  undecomposed  BP  and  its  nonvolatile  decomposition  products  was  isolated  from  the  re¬ 
action  mixture  by  distilling  off  the  solvent  under  reduced  pressure  at  25-30*.  Tlie  solid  reaction  products  isolated 
in  this  manner  were  burned,  and  thus  the  obtained  carbon  dioxide  was  purified  carefully  and  analyzed  for  its  con¬ 
tent  of  radioactive  carbon  isotope  using  the  method  described  in  [5]. 

SUMMARY 

Using  the  method  of  labeled  atoms  it  was  shown  that  the  decomposition  of  benzoyloxy  radicals  in  solution 
at  70-80*  into  phenyl  radicals  and  carbon  dioxide  is  an  irreversible  reaction.  It  was  also  established  that  under 
the  experimental  conditions  used  by  us  there  is  no  exchange  of  carbon  between  dioxide  and  benzoyloxy  radicals. 

LITERATURE  CITED 

1.  L.  Jaffe,  E.  Prosen  and  M,  Szwarc,  J.  Chem.  Phys.  416  (1957). 

2.  N.  N.  Semenov,  Some  Problems  of  Chemical  Kinetics  and  Reactivity  [in  Russian]  (AN  SSSR,  1958),  2nd  edi¬ 
tion, 

3.  N.  Zwiebcl,  J.  Turkevich,  and  W.  Miller,  J.  Am.  Chem.  Soc.  71^,  376  (1949). 

4. '  A.  Seidell,  Solubilities  of  Inorganic  and  Metalloorganic  Compounds,  Vol.  1,  N.  Y.  (1953). 

5.  I.  A.  Korshunov  and  N.  F.  Novotorov,  Zhur.  Obshchei  Khim.  28,  47  (1958).  • 


•  Original  Russian  pagination.  See  C.  B.  translation. 


654 


THIOINDIGOID  DYES 

III.  DINITRO  DERIVATIVES  OF  TIIIOINDIGO 


N.  S.  Dokunikhin  and  Yu.  E.  Gerasimenko 

K.  E.  Voroshilov  Scientific  Research  Institute  of  Organic  Intermediates 
and  Dyes 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  2,  pp.  635-638 
February,  1960 

Original  article  submitted  February  12,  1959 


Depending  on  their  position  in  the  molecule,  either  a  bathocluomic  or  a  hypsochromic  shift  of  the  absorp¬ 
tion  maximum  is  observed  when  substituents  arc  introduced  into  the  thioindigo  molecule.  Substituents,  found 
either  ortho  or  para  to  the  sulfur  atom  (5  and  1  positions),  deepen  the  color,  while  those  in  the  meta  position  (4 
and  6  positions)  cause  the  color  of  the  dye  to  heighten  [1-3].  However,  this  refers  only  to  such  substituents  as 
alkoxy,  amino,  methyl,  and  halogen  groups.  As  regards  electrophilic  substituents,  data  regarding  their  in¬ 
fluence  on  the  color  of  the  thioindigo  arc  lacking,  except  for  the  statements  made  in  the  patent  literature  that 
5,5’-  and  7,7’-dinitrothioindigo  have  a  brown  color  [4],  while  7,7'-dicarboxythioindigo  dyes  cotton  a  violet  color  [5], 

To  answer  the  question  of  the  effect  of  electrophilic  substituents  on  the  color  of  thioindigo  we  synthesized 
three  dyes  with  nitro  groups  in  the  5,5’-,  6,6’-  and  7,7*-positions,  of  which  the  6,6’-dinitrothioindigo  is  new,  and 
measured  their  absorption  spectra  in  benzene  solution. 

5,5’-Dinitrothioindigo  was  obtained  by  the  scheme: 


02N\^\^C00H 


O2N 


^SCHaCOOH 


O2N 


\/\ _ / 

•  ug 

r(><Yi 


OCOCH3 


N02 


The  cyclization  of  S-(2-carboxy-4-nitrophcnyl)thioglycolic  acid  in  acetic  anhydride  in  the  presence  of 
anhydrous  sodium  acetate  gave  5-nitro-3“acetoxythionaphthcnc  in  nearly  quantitative  yield.  The  quality  of  the 
reaction  product  was  greatly  impaired  when  the  sodium  acetate  was  omitted.  Oxidation  of  the  5-nitro-3-acetoxy- 
thionaphthene  with  ferric  chloride  in  hydrochloric  acid  gave  5.5'-dinitrothioindigo.  The  use  of  potassium  ferri- 
cyanide  for  the  oxidation  gave  poorer  results.  We  were  unable  to  obtain  the  dye  when  we  tried  to  duplicate  the 
procedure  described  in  [4]  for  obtaining  5,5’-dinitrothioindigo  by  the  reaction  of  S-(p-nitrophcnyl)thioglycolic 
acid  with  chlorosulfonic  acid. 

6,6’-Dinitrothioindigo  was  synthesized  by  a  scheme  similar  to  that  used  to  synthesize  the  5,5’-dinitro  isomer. 
We  obtained  S-(2-carboxy-5-nitrophenyl)thioglycolic  acid  from  4-nitroanthranilic  acid  by  diazotization,  reaction 
of  the  diazo  compound  with  potassium  ethylxanthate,  and  decomposition  of  the  obtained  eihylxanthic  ester  in  the 
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Name  of  dye 

^maxf^f*) 

AX(mfj) 

Thioindigo 

545 

- 

5.5'-Dinitrothioindigo 

513 

-33 

6,6*-l)initrothioindigo 

567 

+  22 

7 ,7 '-  Dinitrothioind  igo 

524 

-21 

presence  of  chloroacetic  acid.  This  acid,  when  reacted  with  acetic  anhydride  as  indicated  above,  was  converted 
almost  quantitatively  to  6-nitto-3-acetoxythionaphthenc.  In  this  case  also  the  quality  of  the  reaction  product  Is 
impaired  if  the  sodium  acetate  is  omitted.  The  oxidation  of  6-nitro-3-acetoxythionaphthene  with  ferric  chloride 
in  hydrochloric  acid  gave  G,6'-dinitrotliioindigo. 

It  should  be  mentioned  that  the  syntlicsized  nitroacctoxythionaphthcncs  are  compounds  that  crystallize  well, 
have  quite  high  melting  points,  do  not  oxidize  in  the  air,  and  arc  stable  toward  water,  alcohol,  and  acetic  acid. 


7,T-Dinitrothioindigo  was  obtained  by  the  cyclization  of  S-(o-nitrophenyl)thioglycolic  acid  in  chlorosul- 
fonic  acid.  The  7-niiro-3-liydroxythionaphthciie,  probably  formed  initially, was  not  isolated  by  us,  and  during  re¬ 
action  was  oxidized  by  the  chlorosulfonic  acid  to  the  dye. 


n 

\/\ 


SCII2C0011 


NOj 


NO2 

/v«\ 

C=C 

SAs/  \, 

NO, 


Using  the  conditions  recommended  in  the  literature  [4]  gives  the  dye  in  a  total  yield  of  30*70.  The  dye  was 
obtained  in  good  yield  by  adding  a  small  amount  of  bromine  to  the  reaction  mass,  which  apparently  functioned  as 
a  catalyst  for  the  oxidation  of  tlie  7-nitro-3-liydroxythionaphthene  by  the  chlorosulfonic  acid. 

We  have  as  yet  been  unable  to  obtain  S-(2-carboxy-3-nitrophenyl)-thioglycolic  acid,  needed  for  the  syn* 
tliesis  of  4,4'-dinitrothioindigo,  from  6-nitroanthranilic  acid  by  the  method  used  to  obtain  S-(2-carboxy-5-nitro- 
phcnyl)thioglycolic  acid.  An  attempt  to  obtain  this  acid  from  diazotized  6-nittoanthranilic  acid  and  thioglycolic 
acid  also  proved  unsuccessful. 

Because  of  their  very  slight  solubility  in  benzene,  we  were  unable  to  determine  the  molecular  extinctions 
of  the  dinitro  derivatives  of  tliioindigo.  The  absorption  maxima  of  the  dyes  in  solution  are  given  in  the  table. 

The  absorption  spectra  of  5,5'-  and  7,7'-dinitrothioindigo  also  show  an  absorption  maximum  at  a  shorter  wave¬ 
length  (Xmax  478  and  483  mp,  respectively),  probably  corresponding  to  the  cis-form. 

From  the  obtained  data  it  follows  that  the  electrophilic  nitro  group,  when  found  either  ortho  or  para  to  the 
sulfur  atom  (5,5'-  and  7,7'-dinitrothioindigo),  causes  a  hypsochromic  shift  of  tlie  absorption  maximum,  and  when 
found  in  the  meta-position  (6,6'-dinitrothioindigo)  it  leads  to  a  bathochromic  shift.  Such  a  change  in  the  color 
under  the  influence  of  an  electrophilic  substituent  is  just  the  opposite  (in  direction)  of  the  change  in  the  color 
produced  by  electron-donor  substituents,  which,  as  is  known,  deepen  the  color  of  the  thioindigo  when  found  in  the 
ordio-  and  para-positions,  and  heighten  it  when  found  in  the  meta-position. 

EXPERIMENTAL 

S-(2-Carboxy-4-nitrophenyl)thioglycolic  acid  was  obtained  by  the  reaction  of  thioglycolic  acid  with  2- 
chloro-5-nitrobcnzoic  acid  [6].  After  recrystallization  from  water,  m.p.  215-217*  (with  decomposition)  (m.p. 
212-215*  [6]). 

5-Nitro-3-acctoxythionaphthcnc.  A  mixture  of  3.0  g  of  S-(2-carboxy-4-nittophenyl)thioglycolic  acid, 

0.5  g  of  anhydrous  sodium  acetate  and  9  ml  of  acetic  anhydride  was  refluxed  for  30  min,  and  then  the  hot  solu¬ 
tion  was  poured  into  60  ml  of  boiling  water.  The  obtained  oily  precipitate  solidified  when  cooled.  Yield  2.64  g 
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(95%),  m.p.  155-156*.  Two  recrystallizations  from  a  mixture  of  petroleum  ether  and  benzene  gave  the  compound 
as  yellow  needles  with  m.p.  156-156.5*.  The  substance  is  readily  soluble  in  benzene  and  alcohol,  and  difficultly 
soluble  in  boiling  petroleum  ether. 

Found  %:  N  6.08;  6.09;  S  13.51,  13.52.  C,oM704NS.  Calculated  %;  N  5.90;  S  13.5L 

Running  tlie  reaction  without  the  sodium  acetate  led  to  the  formation  of  2.49  g  of  brown  substance  with 
m.p.  140-143*,  whicli  on  recrystallization  from  a  mixture  of  petroleum  ctlier  and  benzene  gave  a  difficultly 
soluble  brown  precipitate  that  was  not  investigated  further.  After  repeated  recrystallization  the  melting  point 
rose  to  156-156.5*. 

5.5*-Dinitrothioindigo.  To  a  solution  of  6  g  of  ferric  chloride  hydrate  in  30  ml  of  10%  hydrochloric  acid 
was  added  2.0  g  of  5-nitro-3-accioxythionaphthcnc  and  the  mixture  was  heated  under  reflux  for  2  hr.  The  ob¬ 
tained  dye  was  filtered,  and  washed  first  with  water  and  then  with  hot  alcohol.  Yield  1.32  g  (81%),  obtained  as’* 
an  orange  powder.  Rccrystallizaiion  from  nitrobenzene  gave  the  compound  as  orange  crystals,  m.p.  370-375* 

(with  decomposition). 

A  mixture  of  1.0  g  of  5-nitro-3-acetoxythionaphthene,  2.8  g  of  potassium  ferricyanidc  and  15  ml  of  5% 
NaOH  solution  was  refluxed  for  30  min,  filtered,  and  washed  first  with  hot  water  and  then  with  hot  alcohol.  Yield 
0.26  g  (32%),  obtained  as  a  dirty  brown  powder, 

5- (2-Carboxy-5-nitrophcnyr)thioglycolic  Acid.  4-Nitroanthranilic  acid  (9.1  g)  in  30  ml  of  27%  hydrochloric 
acid  was  diazotized  at  5*  with  4  M  sodium  nitrite  solution,  after  which  the  diazo  solution  was  poured  into  a  solu¬ 
tion  of  9  g  of  potassium  ethylxanthate  and  25  g  of  anhydrous  sodium  carbonate  in  150  ml  of  water  at  20*,  the  mix¬ 
ture  then  heated  to  70*,  followed  by  the  addition  of  sodium  hydroxide  until  alkaline,  and  the  sodium  hydroxide 
neutralized  by  the  addition  of  7.5  g  of  chloroacetic  acid  in  20  ml  of  water.  The  mixture  was  then  stirred  for  an 
liour  at  70*,  cooled,  and  the  reaction  product  isolated  by  acidification.  Yield  9.75  g  (75.8%),  m.p.  173-175*.  Re¬ 
crystallization  from  water  gave  the  compound  as  yellow  crystals  with  m.p.  194.5-196*  (with  decomposition)  (m.p, 
170*  [7]). 

Found  %:  N  5.76,  5.69;  S  12.54,  12.54.  CgH706NS.  Calculated  %•  N  5.45;  S  12.47. 

6- Nitro-3-acctoxythionaphthcne.  Similar  to  the  preparation  of  5-nitro-3-acctoxythionaphthene,  we  ob¬ 
tained  2.70  g  (97%)  of  substance  with  m.p.  95-96.5*  from  3.0  g  of  S-(2-carboxy-5-nitrophenyl)thioglycolic  acid, 
Rccrystallizaiion  from  petroleum  ether  gave  the  compound  as  yellow  needles  with  m.p.  101-101.5*.  The  com¬ 
pound  is  readily  soluble  in  benzene  and  alcohol,  and  difficultly  soluble  in  boiling  petroleum  ether. 

Found  %:  N  6.18,  6.17;  S  13.30,  13.40.  C7oH704NS.  Calculated  %:  N  5.90;  S  13.51. 

Omission  of  the  sodium  acetate  gave  2.61  g  (94%  yield)  of  reaction  product  with  m.p.  91-93*,  which  after 
rccrysiallization  from  petroleum  ether  had  m.p.  101-101.5*. 

6.6*-Dinitrothioindigo.  Two  grams  of  6-niiro-3-acetoxythionaphthcnc  was  reacted  with  a  hydrochloric  acid 
solution  of  ferric  cltloride,  the  same  as  in  the  synthesis  of  5,5*-dinitrothioindigo.  Yield  of  dye  1.24  g  (76%),  ob¬ 
tained  as  a  violet  powder.  Rccrystallizaiion  from  nitrobenzene  gave  the  compound  as  violet  crystals.  The  dye  is 
very  sligliily  soluble  in  benzene  and  similar  solvents,  is  insoluble  in  alcohol,  and  is  relatively  quite  soluble  in 
boiling  nitrobenzene.  Decomposes  at  385*. 

Found  %:  C  49.68,  49.82;  H  1.59,  1.86.  CieHgOgNjSj.  Calculated  %;  C  49.73;  H  1.57. 

7,7*-Dinitrothioindigo.  A  mixture  of  3.0  g  of  S-(o-nitrophcnyl)-thioglycolic  acid  and  10  ml  of  chlorosul- 
fonic  acid  was  heated  to  40*  and  then  kept  at  35-40“  for  2  hr.  Tlic  solution  was  poured  on  ice,  and  the  product 
was  filtered,  followd  by  washing  with  water  and  then  with  hot  alcohol.  The  yield  of  ilic  dye  was  0.82  g  (30%), 

To  15  ml  of  chlorosulfonic  acid,  cooled  in  ice,  was  slowly  added  3.0  g  of  S-(o -niirophcnyl)thioglycolic  acid, 
the  mixture  allowed  to  stand  at  room  temperature  for  2  hr,  then  2  drops  of  bromine  was  added,  and  the  mixture 
was  again  allowed  to  stand  for  2  lir.  After  decomposition  with  ice,  the  product  was  filtered  and  washed  first  with 
water  and  then  with  hot  alcohol.  The  yield  of  the  dye  was  2.45  g  (90.5%).  Dark  orange  powder,  which  after  re- 
crystallization  from  nitrobenzene  was  obtained  as  brown  crystals.  The  dye  docs  not  decompose  when  heated  to 
400*. 

The  abserption  spectra  of  the  dinitrothioindigo  derivatives  in  benzene  solution  were  measured  using  an 
automatically  recording  SF-2M  spectrophotometer. 
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SUMMARY 


1.  Three  symmetrical  dinltro  derivatives  of  ihloindigo,  namely  5,5’-,  6,6'-  and  7,7*-dinitxothioindigo, 
were  synthesized  and  the  absorption  spectra  of  their  benzene  solutions  were  measured, 

2.  It  was  shown  that  the  effect  of  the  nitro  group  on  the  change  in  the  color  of  the  thioindigo  is  the  opposite 
(In  direction)  to  the  change  in  the  color  produced  by  elecuon-donor  substituents. 
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In  our  previous  paper  [1]  we  described  a  method  for  obtaining  tertiary  oxonium  salts  of  chromones  and  thlo- 
chromoncs  by  the  reaction  of  tliese  weak  bases  with  nitrobenzenesulfonic  acid  esters,  fqr  example. 


,A 


o-N02Cal!4S03CU3 


o-NOzCell^SOj- 


As  was  expected,  the  oxonium  salts  of  the  chromones  and  ihiochromones  proved  to  be  capable  of  condensing 
with  tlic  quaternary  salts  of  2-tncthylbenzothiazole  to  yield  intensely  colored  monomethinecyanines.  The  relative¬ 
ly  stable  oxonium  salts  of  thiochromone  are  the  easiest  to  react  in  this  type  of  condensation.  Orange-colored 
monomethinecyanines,  for  example  (I),  are  easily  formed  when  these  oxonium  salts  are  heated  with  die  quaternary 
salts  of  2-methylbcnzothiazole  in  a  mixture  of  acetic  anhydride  and  acetic  acid  in  the  presence  of  small  amounts 
of  pyridine. 


0^  \-CH3  4-CH30-<^  +)  X- 

vs/'  o 


CHj  X- 


CHj  . 
I 


Monomethinecyanines  (11)  and  (Ill)  were  obtained  in  a  similar  manner  from  the  quaternary  salts  of  2-methyl- 
6-nitrobenzothiazole  and  2-methyl-a-naphthothiazole,  respectively. 


C-C1I= 


S38.  &10  mii; 


o-N02Cell4S03- 


CH3 

(II) 


Here  and  later  the  X^ax  given  for  alcohol  solutions. 
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c-cn= 


5=^ 


S 

r-=/ 


S12  ni|i 


0-NO2C0II4SO3- 


CIU 


(III) 

Tertiary  oxonium  salts  of  chroniones,  less  stable  than  the  salts  of  the  thiochromones,  did  not  form  mono- 
methinecyanines  under  the  conditions  indicated  above.  The  reaction  failed  to  go  in  the  absence  of  pyridine  or 
triethylamine,  while  the  addition  of  iliese  bases  led  to  decomposition  of  the  oxonium  salts.  Still  a  solution  to  the 
problem  was  found.  It  consisted  in  that  the  quaternary  salts  of  2-mcthylbenzothiazole  were  converted  to  the 
methylene  bases  by  prior  reaction  with  alkali.  The  methylene  bases  then  condensed  perfectly  with  the  oxonium 
salts  of  chromone  or  iu  derivatives  by  heating  in  acetic  anhydride  or  in  a  mixture  of  acetic  anhydride  and  acetic 
acid,  for  example 


4(4  in|i. 


(IV) 


In  this  manner,  by  condensing  the  oxonium  salts  of  chromone,  flavone,  and  5,6-benzochromone  with  2- 
methylene-3-methyl-(or  3-ethyl)“benzothiazoline,  2-methylene-3-methyl-6-nitrobenzothiazoline  and  2-methyI- 
cne-3-methyl-(or  3-ethyl)-a-naphthothiazoline,  we  obtained  the  following  yellow  or  orange  monomethinecyanines 
(V-X). 
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A  monomcthinecyanine  of  similar  structure  was  obtained  by  a  different  procedure.  2-Methylchromone  was 
condensed  with  3-mctliyIbcnzotluazolc-2-sulfobctaine  (Larive  reagent  [2]).  The  obtained  base  was  converted  to 
dye  (XI)  by  reaction  with  dimethyl  sulfate. 
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'  II 


C-SO3- -f  CH3-'; 


I  II 


C-=CII— 


CH, 


II  / 

^/\n/ 

(!ns 


OCII; 


A'"  \ 


,  ,  , W««. 

V  0113804- 


CII, 


(XI) 


If  2-mcthylchromone  is  heated  on  the  water  bath  with  the  methyl  ester  of  o-nitrobenzcnesulfonic  acid  in 
toluene  solution  the  sole  reaction  product  proves  to  be  monomeihinccyanine  (XII),  which  is  formed  as  the  result 
of  the  autocondensation  of  two  molecules  of  the  methylbenzopyrylium  salt  [3], 


OCH3 


o-no2C«h«so3- 


OCH3 
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I  II  4-  I _ P'11 _ / 
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0113 

o-NOoCfllliSOs- 

(XII) 
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The  same  2-methylchromone  when  heated  with  phosphorus  pcntasulfide  gives  the  thione,  which  at  the  boil¬ 
ing  point  of  xylene  undergoes  autocondensation*  with  the  formation  of  the  monometliinecyanine  base,  which  is 
easily  converted  to  dye  (XIII)  by  reaction  with  dimethyl  sulfate. 
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II 


-CM; 


SC  M3 
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"b 

r 

C113 
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CH3 

CM3SO4- 

(XIII) 


The  reaction  of  flavone  with  methylmagnesium  iodide  in  ether  solution  readily  gave  the  4-methylflavylium 
salt  [5],  containing  an  active  methyl  group.  The  condensation  of  4-methylflavylium  perchlorate  with  a  tertiary 
oxonium  salt  of  chromone  gave  us  monometliinecyanine  (XIV). 


)-/  +0 


oi  ^-CM3  +  CM30-<^  +0 
t.  o-no2C,oH4S03- 

C104- 


O  <Z> 

<(+  >-CH=<  9 

i.H,  CIO,- 

(XIV) 


Operating  in  a  similar  manner  with  a  tertiary  oxonium  salt  of  thiochromone  gave  us  the  highly  colored 
monomethinecyanine  (XV). 


c;> 

_ >-CII=<  ^  mu 

Q.H,  CIO,- 


(XV) 


On  comparing  the  absorption  maxima  of  the  monomethinecyanines  obtained  by  us, it  is  possible  to  detect 
a  definite  relationship  between  the  degree  of  basicity  of  the  hcterocycles  composing  the  dye  molecule  and  the 
depth  of  color  of  the  dye.  The  monomethinecyanines  containing  the  bcnzothiazole  and  the  benzopyrylium  ring 
in  their  molecule  (IV-XI)  arc  more  highly  colored  than  the  others.  Bcnzothiazole  is  the  stronger  base,  for  which 
reason  the  cationic  charge  is  fixed  predominantly  on  the  bcnzothiazole  nucleus.  The  difference  in  the  basicity 
of  the  bcnzothiazole  and  benzothiopyrylium  rings  is  less,  for  which  reason  dyes  (I-III)  are  more  deeply  colored 
than  dyes  (IV-XI).  The  nitro  group  sharply  weakens  the  basicity  of  the  bcnzothiazole  ring  and  consequently  strongly 
deepens  the  color  of  the  corresponding  dyes  (II  and  VI).  The  monomethinecyanines  composed  of  two  benzopy- 
ryliuni  rings  are  more  symmetrical  electronically  and,  consequently,  are  more  deeply  colored  (XII-XIV).  The 
very  deep  color  of  monometliinecyanine  (XV)  attracts  attention.  Wizinger  described  a  large  number  of  symmetrical 
dyes  containing  pyrvHum  rings  [5,  6].  Nearly  all  of  them  are  deeply  colored. 

Due  to  their  relative  stability  toward  the  action  of  bases,  the  tertiary  oxonium  salts  of  thiochromone  and 
flavone  proved  to  be  capable  of  condensing  not  only  with  the  quaternary  salts  of  2-methylbenzothiazole,  but  also 
with  heterocycles  containing  active  methylene  groups.  From  tlie  reaction  products  of  the  salts  of  thiochromone 

•  If  benzene  or  toluene  is  used  instead  of  xylene,  the  reaction  is  limited  to  the  formation  of  2-methyl-4-thio- 
chromone  [4], 
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and  flavone  widi  thiocyanates  in  acetic  anhydride,  in  the  presence  of  pyridine,  we  isolated  the  orange-yellow 
"nolmcthincmcrocyanines"  (XVI-XVIII). 

(XVI)  Y  =  s.  u  =  It.  H'  =  cn,;  Hnax**>*  "'/i 

(XVII)  Y  =  5.  U  =  H.  If  =C,1I,:X,^^J^470  mp 
(XVIll)  Y  =0.  U  =  C.IU,  =  471  mu 

max 


EXPERIMENTAL 

2- [(y  - Bcnzothiopyranyl  idenc)methy  1  ^enzothiazole  Methylperchlorate  (1).  A  mixture  of  0.76  g  (0.002  mole) 
of  4-n)cihoxybenzothiopyryiiiim  o-nitrobenzcnesulfonate  and  0.64  g  (0.002  mole)  of  2-methylbenzothiazole 
methylbenzenesulfonate  was  heated  in  a  mixture  of  2  ml  of  acetic  anhydride,  2  ml  of  acetic  acid,  and  0.2  ml 
of  pyridine  for  30  min  at  100*.  The  dye  that  separated  on  diluting  the  reaction  mixture  with  ether  was  dissolved 
in  hot  methanol,  and  then  precipitated  by  the  addition  of  a  methanol  solution  of  sodium  perchlorate.  Recrystal¬ 
lization  from  methanol  gave  0.9  g  (20^0)  of  product.  Dark  red  needles,  m.p.  264*  (decompn.). 

Found  S  15.73,  15.73.  C18H14O4NS2CI.  Calculated  %:  S  15.71. 

The  dye  can  be  obtained  in  better  yield  (617o)  if  the  quaternary  salt  of  2-methylbenzothiazole  is  replaced 
by  the  equivalent  amount  of  3-methyl-2-methylcnebenzotliiazoline.  Small  amounts  of  the  dye  (10<7o)  are  ob¬ 
tained  if  the  quaternary  salt  of  2-meihylbenzothiazole  is  heated  in  acetic  anhydride  (100*,  1.5  hr)  directly  with 
the  thiochromone.  Tliis  reaction  serves  to  confirm  the  structure  of  (I). 

2~f(y  -nenzothiopyranylidcnc)mcthyll-6-nitrobcnzothiazole  Methyl -o-nitrobenzcnesulfonate  (II).  The  com¬ 
pound  was  obtained  from  4-mcthoxybciizotliiopyrylium  o-nitrobenzcnesulfonate  and  2-methyl-6-nitrobenzothiazolc 
methyl -o-nitrobenzenesulfonatc  iltc  same  as  tlie  preceding.  After  wasiiing  on  the  filter  with  acetic  anltydride, 
methanol,  and  ether  the  pure  compound  was  obtained  in  60%  yield.  Orange  needles,  m.p.  278*  (decompn.).  The 
compound  can  be  rccrystallizcd  from  acetic  anhydride. 

Found  %:  S  17.22,  17.49.  C24H,707N3S3.  Calculated  %:  S  I7.3a 

2-f(y  -Rcnzoihiopyranylidcnc)mcthyl]-a-naphthothiazole  Methyl -o-nitrobenzcnesulfonate  (111).  The  dye  was 
obtained  in  tlte  same  manner  as  before  from  4-mctlioxybcrizotlMopyrylium  o-nitrobenzenesulfonate  and  2-meihyl- 
a-naphihothiazolc  o-uitrobenzencsulfonate.  and  after  washing  with  benzene  and  ether  was  rccrystallized  from 
methanol.  Yield  0.17  g  (37%).  Orange  needles,  m.p.  277*  (decompn.). 

Found  %:  S  13.79,  13.90.  C22Mi404NS2Cl.  Calculated  %:  S  13.99. 

2-f(y -Benzopyranyliclcnc)methyl]l)cnzothiazolc  Mcthyl-o-nitrobenzcnesulfonate  (IV).  To  a  solution  of  7.3  g 
(0.02  mole)  of  4-mcthoxybcnzopyryluim  o-niirobcnzcncsulfonatc  in  25  ml  of  acetic  anhydride  was  added  a  solu¬ 
tion  of  3.3  g  (0.02  mole)  of  3-mcihyl-2-  tnctliylbenzothiazoline  in  5  ml  of  glacial  acetic  acid.  The  mixture 
was  heated  for  1  hr  at  100*.  The  product  iliat  separated  out  on  cooling  was  washed  on  the  filter  with  water,  alcohol, 
benzene,  and  ether.  Orange-red  needles, m.p.  256*  (decompn.),  yield  4.9  g  (50%).  The  compound  was  analyzed 
as  the  perchlorate  [m.p.  282*  (decompn.)]. 

Found  %:  Cl  9.13,  9.19.  Cj8H,405NSCl.  Calculated  %;  Cl  9.06. 

2-[(y -Benzopyranylidcnc)methyl]bcnzothiazole  Etliylperchlorate  (V)  was  obtained  in  the  same  manner  as 
tlie  preceding  dye.  Orange  needles,  yield  40%.  m.p.  243’  (decompn.). 

Found  %;  C18.81.8.64.  c:,5Hi605NSCl.  Calculated  %:  Cl  8.75. 

2-[(y  -Bcnzopyranylidene-)mcthyl ]-6-nitrobcnzothiazole  Methyl -o- nil rohenzcncsulfonate  (VI).  A  mixture 
of  4-mcthoxybenzopyrylium  o-nitrobenzciicsulfonatc  and  3-mcthyl-6-nitro-2-mcihylcnebcnzotliiazolinc  [7]was 
heated  in  acetic  anhydride  at  100*  for  1  hr.  After  recrystallization  from  acetic  anhydridc.thc  yield  of  product  was 
07%.  Orange  needles  with  m.p.  288*  (decompn.). 

Found  %:  N  7.80,  7.82.  C24H17O8N3S2.  Calculated  %:  N  7.79. 
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2-[(y-Benzopyranylidcnc)mctliyl]- «-naphtJiotluazolc  Mcthylpcrchloratc  (VII)  was  obtained  from  4-methoxy- 
benzopyryliurn  o-nitrobcnzcncsulfonatc  and  3-metbyl-2-mctliylcnc-o-napbtliotliiazolinc  [8]  in  the  same  manner 
as  the  preceding  dye.  After  recrystallization  from  methanol  the  yield  of  product  was  25‘7o.  Orange  needles  with 
m.p.  275*  (decompn.). 

Found  <Jo:  Cl  7.83.  CjzHieOgNSCl.  Calculated  Cl  8.04. 

2”[2'-Plicnyl-y-bcnzopyranylidcne)mcthyl]!)cnzothiazole  Methiodidc  (VIII)  was  obtained  from  2-phenyl- 
4-mctlioxybcnzopyrylium  o-nitrobenzencsulfonaie  and  3-methyl-2-methylcncbenzotluazoline  in  the  same  manner 
as  the  preceding.  The  dye  was  converted  to  the  iodide  by  precipitation  from  methanol  solution  with  potassium 
Iodide.  After  rccrystallization  from  acetic  anliydride  the  compound  was  obtained  as  orange  needles;  yield  59*70: 
m.p.  255-257*  (decompn.). 

Found ‘7o:  I  25.50,  25.80.  C24Hi80NSI.  Calculated  ^o:  I  25.66. 

2-[(2*-Phenyl-y-bcnzopyranylidcnc)mcthyl]-a-naphthothiazolc  Ethyl -o-nitrobcnzencsulfonate  (IX)  was 
obtained  from  2-phenyl -4-mcthoxybenzopyrylium  o-nitrobcnzencsulfouatc  and  3-ethyl-2-methylene-a-naphtho- 
thiazoline  in  the  same  manner  as  the  preceding.  After  recrystallization  from  acetic  anhydride  the  yield  of  product 
was  44*7o.  Orange  needles  with  m.p.  267-268*  (decompn.). 

Found  S  10.34,  10.34.  CasHjcOeNjSj.  Calculated  ^/o:  S  10.11 

-a, 6 -Naphthopytanylidenc)mcthyl|?cnzothiazoIe  Methylpcrchlorate  (X)  was  obtained  from  4- 
methoxy-l,4-a,6 -naphdiopyrylium  o-nitrobenzenesulfonate  and  3-metliyl-2-methylcnebenzothiazoline.  The 
dye  was  washed  with  acetic  anhydride,  methanol,  benzene,  and  ether.  Yield  57*70,  m.p.  271-272.  The  dye  was 
converted  to  the  perchlorate  with  m.p.  245-246*  by  the  addition  of  sodium  perchlorate  to  its  methanol  solution. 

Found  «7o:  Cl  8.00,  8.22.  CjaHigONSCl.  Calculated  <fo:  Cl  8.04. 

2-(3*-Mcthyl-2'-benzothiazolinylidcnc)methylchromonc.  A  mixture  of  0.32  g  (0.002  mole)  of  2-methyl- 
chromone  and  0.69  g  (0.003  mole)  of  3-mctliylbcnzothiazole-2-sulfobetaine  [2]  was  heated  for  3  hr  at  150*.  The 
product  was  treated  with  water  containing  several  drops  of  ammonia.  The  solid  was  filtered,  washed  with  water, 
and  recrystallizcd  from  aleohol.  Yield  0.14  g  (237o).  Yellow  needles  with  m.p.  228-230*.  Readily  soluble  in 
methyl  alcohol  and  acetone,  and  difficultly  soluble  in  benzene  and  ether. 

Found  ojo:  S  10.69,  10.73.  CigHijOjNS.  Calculated  <7o:  S  10.42. 

2-[(4’-Met!ioxy-a-benzopyranylidene)mcthyl)bcnzothiazole  Methylpcrchlorate  (XI).  A  mixture  of  0.307  g 
(0.001  mole)  of  the  preceding  compound  and  an  equivalent  amount  (0.12G  g)  of  dimethylsulfate  was  heated  for 
1  hr  at  150*.  The  product  was  washed  with  ether,  after  which  it  was  dissolved  in  methanol,  and  a  solution  of  sodi¬ 
um  perchlorate  in  methanol  was  added  to  it.  Rccrystallization  from  acetic  anliydride  gave  0.1  g  of  the  substance 
(24*7o).  Orange  plates  with  m.p.  295*  (decompn.). 

Found  *7o:  Cl  8.30,  8.34.  CigHigOfiNSCl.  Calculated  *7o:  Cl  8.42. 

2-[(2*-Methyl-4*-bcnzopyranylidcne)methyI ]-4- methoxybenzopyrylium  o-Nitrobenzenesulfonate  (XII). 

A  mixture  of  0.8  g  of  2-methylchromone,  1.25  g  of  methyl  o-nitrobenzenesulfonate,  and  2  ml  of  toluene  was 
heated  at  the  boil  for  10  min.  The  obtained  viscous  product  was  washed  with  toluene  and  then  it  was  triturated 
with  a  small  amount  of  methanol.  This  caused  the  substance  to  crystallize.  Recrystallization  from  alcohol  gave 
0.93  g  (36*70)  of  purple  needles  with  m.p.  264*  (decompn.). 

*“  Found  <7(,:  S  5.84,  5.87.  CjtHjiOjNS.  Calculated  S  6.16. 

2-[(2*-Mcthyl-4'-benzopyranylidene)methyl]bcnzopyran-4-thione.  A  mixture  of  1  g  of  2-methylchromone 
and  4  g  of  phosphorus  pcntasulfide  in  35  ml  of  xylene  was  heated  under  reflux  for  1  hr.  The  xylene  was  tlien 
distilled  using  a  water-jet  pump,  and  the  residue  was  treated  with  ammonium  sulfide  solution.  The  insoluble  ma¬ 
terial  was  filtered,  washed  with  water,  and  dried.  Rccrystallization  from  a  small  volume  of  xylene  gave  0.53  g 
(52*70)  of  dark  brown  plates  with  m.p.  238*. 

Found  *70:  S  9.81,  10.01.  C20H14O2S.  Calculated  *7o;  S  9.76. 

2-[(2*-Mctliyl-4'-benzopyranylidcnc)mcthyl]-4-methylmercaptobcnzopyrylium  Perchlorate  (XIII).  A  mix¬ 
ture  of  0.32  g  of  the  preceding  compound  and  0.2  g  of  dimethyl  sulfate  in  3  ml  of  toluene  was  heated  at  100*  for 
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methoxyflavylium  o-nitrobcnzcncsulfonaie  and  3-phenylrhodaninc  in  the  same  manner  as  the  preceding.  Purifi¬ 
cation  by  chromatographing  and  recrystallization  from  benzene  gave  a  6%  yield  of  slender  orange  needles  with 
m.p.  287*(decompn.). 

Found  <70:  S  15.32;  15.37.  C24H15O2NS2.  Calculated  %:  S  15.50. 

SUMMARY 

The  condensation  of  tertiary  oxonium  salts  of  chromones  with  quaternary  salts  of  2-methylbenzothiazole 
and  its  derivatives  or  with  3-methyl-2-methylenebenzothiazoline  gave  a  number  of  unsymmetrical  dyes— mono- 
methinccyanincs,  containing  both  the  benzothiazole  and  the  benzopyrylium  nucleus.  Thiochromone  and  flavone 
salts  condense  in  a  similar  manner  with  rhodanine  derivatives. 

More  deeply  colored  monomethinecyanines,  containing  two  benzopyrylium  rings,  are  formed  when  oxonium 
salts  of  chromones  are  condensed  with  4-methylflavylium  perchlorate. 
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A.  E.  Kretov  and  M.  S.  Rovlnskli 

Dnepropetrovsk  Chemical  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No,  2,  pp,  646-649, 

February,  1960 

Original  article  submitted  January  26,  1959 

When  the  reaction  of  9,10-dihaloanthracenes  with  arenesulfonamidcs  was  studied  by  us  [1]  in  benzyl  alcohol 
solution,  it  was  established  that  the  reaction  is  accompanied  by  an  oxidation-reduction  process,  leading  to  the 
formation  of  tiic  benzyl  derivative  of  the  arenesulfonamide.  It  seemed  of  interest  to  determine  how  9,10-bis(chlo- 
romethyljanthracenc  would  behave  in  this  type  of  reaction, 

9,10-bis(chloromcthyl)  anthracene  (1)  is  obtained  by  the  chloromethylation  technique.  The  first  papers 
[2-4]  on  the  chloromethylation  of  anthracene  failed  to  give  any  directions  that  would  permit  obtaining  the  chloro- 
methyl  derivative  in  good  yield  and  satisfactory  quality.  Quite  recently  an  excellent  method  for  the  synthesis  of 
(I)  was  proposed  [5]  in  which  anthracene  was  chlorometliylated  in  dioxane  solution  with  paraformaldehyde  and 
concentrated  hydrochloric  acid  in  a  stream  of  hydrogen  chloride.  The  yield  of  chloromethylation  product  reaches 
65-10% 

ClljCl 


I 

CHjCI 

U) 

In  another  method  having  practical  value  [6]  the  chloromethylation  of  anthracene  is  conducted  with  para¬ 
formaldehyde  and  concentrated  hydrochloric  acid  in  a  solution  of  glacial  acetic  acid  and  phosphoric  acid.  Ac¬ 
cording  to  the  authors,  the  yield  in  this  case  reaches  85%.  After  checking  both  methods  we  were  convinced  that 
running  tlie  chloromethylation  in  dioxane  solution  has  a  number  of  advantages  over  die  second  method,  since  it 
assures  obtaining  consistent  yields  of  the  final  product  (65-70%)  as  a  powder  not  requiring  recrystallization. 

The  9,10-bis(chloromethyl)anthracene  synthesized  by  us  was  reacted  with  be nzencsulfon amide  as  described 
earlier  [1].  It  was  established  that  no  cleavage  of  the  anthracene  ring  is  observed  in  tins  case,  and  the  chlorine 
atom  is  replaced  by  die  benzcnesulfonamido  radical,  which  leads  to  the  formation  of  9,10-bis(benzencsulfonamido- 
methyl)anthracene  (II)  with  a  large  amount  of  tarry  substances  as  impurity.  A  secondary  process  taking  place  here 
is  reaction  of  the  chloro  compound  with  die  alcoholate  of  benzyl  alcohol,  yielding  9,10-bis(benzyloxymethyl)an- 
ihracene  (III). 
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In  tills  connection  the  isolation  and  purification  of  die  obtained  substances  proved  difficult,  for  which  reason 
we  began  to  seek  other  ways  of  synthesizing  9,10-bis(arenesulfonamidomeihyl)derivatives  of  anduacene. 

The  heating  of  9,10-bis(chloroiiiethyl)anthraccne  with  benzencsulfonamide  in  either  butyl  or  amyl  al¬ 
cohol  solution,  in  die  presence  of  copper  acetate  as  catalyst  [7],  failed  to  give  positive  results. 


CH2-OCII2C0H5 
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A  much  more  valuable  procedure  proved  to  be  the  method  based  on  the  exchange  reaction  of  monosodium 
salts  of  arencsulfonamides  with  9,10-bis(chloromethyl)anthracene  in  either  xylene  or  mesitylene  medium.  The 
reaction  also  goes  in  die  same  manner,  but  much  more  slowly,  when  run  in  die  lower  boiling  aromatic  hydrocar¬ 
bons  like  benzene  and  toluene.  The  reaction  of  9, 10-bis(chloromethyl)anthracenc  widi  die  sodium  salts  of  benzene- 
sulfonamide,  p-toluencsulfonamide,  p-isopropylbenzencsulforiamide  and  mesitylenesulfonamide  gave  the  corres¬ 
ponding  9,10-bis(arenesulfonamidomethyl)  derivatives  of  anthracene  in  yields  of  25  to  30^0, 


EXPERIMENTAL 

Chloromediylation  of  Anthracene.  Into  a  reaction  flask  fitted  with  a  gas-inlet  tube  and  reflux  condenser 
were  charged  180  ml  of  dioxane  and  30  ml  of  concentrated  hydrochloric  acid.  This  mixture  was  saturated  with 
hydrogen  chloride  for  1  lir,  and  then  20.9  g  of  anthracene  and  19  g  of  paraformaldehyde  were  added.  Hydrogen 
chloride  was  passed  into  tlic  obtained  dark  green  solution  for  another  2  hr  under  gentle  reflux.  A  yellow  precipi¬ 
tate  of  (1)  gradually  deposited  from  the  solution.  Toward  the  end  of  experiment  the  addition  of  hydrogen  chlo¬ 
ride  was  discontinued  and  the  reaction  mixture  was  heated  for  another  3  hr,  after  which  it  was  allowed  to  stand 
overnight.  The  next  day  tlie  obtained  precipitate  was  filtered  with  care  and  tlicn  dried.  It  is  necessary  to  be 
careful  when  working  with  9,10-bis(cltloromeihyl)anthracene,  since  it  is  a  powerful  skin  irritant  and  causes  hy¬ 
peremia.  We  obtained  19.8  g  of  bright  yellow  crystals.  Yield  about  70%.  The  crude  product  darkens  when  heated 
to  263-264*  and  then  melts  at  280".  I'rom  the  literature  [5]:  m.p.  above  262*. 

Found  %:  Cl  25.38.  C,6Hi2Cl2.  Calculated %;  Cl  25.60. 

Reaction  of  9,10-bis(chlotometliyl)anthracenc  with  Benzencsulfonamide  in  Benzyl  Alcohol  Solution.  Into 
a  three-necked  flask  fitted  with  a  mechanical  stirrer,  reflux  condenser  and  thermometer  was  charged  75  ml  of 
benzyl  alcohol  and  then  0.6  g  of  sodium  metal.  Then  3.75  g  of  benzencsulfonamide  and  2.2  g  of  (I)  were  added 
to  the  obtained  alcoholate  solution.  The  reaction  mixture  was  heated  with  stirring  for  6  hr  at  the  boiling  point 
of  benzyl  alcohol.  The  mixture  was  cooled  and  the  dark  brown  solution  was  filtered  from  the  light-colored  pre¬ 
cipitate,  which  proved  to  be  a  mixture  of  sodium  chloride  and  unreacted  starting  materials.  The  solution  on  stand¬ 
ing  overnight  deposited  a  bright  yellow  crystalline  precipitate  with  m.p.  134-135*.  The  analysis  results  indicate 
that  die  obtained  substance  is  9,10-bis(benzyloxymethyl)anthracene  (III). 

Found  %:  C  84.43;  H  6.36.  C30II26O2.  Calculated  %:  C  84.40,  H  6.70. 

»  The  benzyl  alcohol  was  removed  from  the  solution  by  steam-distillation.  The  residue  on  cooling  deposited 
an  oily  brown  mass,  which  when  pressed  on  porous  plate  gave  a  yellow  product.  Recrystallization  of  this  material 
from  mediyl  alcohol  gave  light-yellow  crystals  of  (111)  with  m.p.  134-135*,  while  from  the  alcohol  filtrate  we 
frolatcd  a  small  amount  of  orange- colored  9,10-bis(benzenesulfonamidomcdiyl)-anthracene  (II)  with  m.p,  113 
to  114*. 

Found  %:  N  5.95.  C28H2404N2S2.  Calculated  %:  N  5,43. 

Reaction  of  9.10-bis(chloromethyl)antliracene  with  the  Sodium  Salts  of  Arencsulfonamides  in  Xylene  Solu¬ 
tion.  The  sodium  salts  of  the  arencsulfonamides  were  obtained  by  adding  die  calculated  amount  of  sodium  to  a 
solution  of  the  arenesulfonamide  in  mediyl  alcohol  and  then  distilling  off  the  alcohol.  Into  a  flask  fitted  with  a 
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mechanical  stirrer  and  reflux  condenser  were  charged  2.2  g  of  (I),  4.4  g  of  sodium  benzenesulfonamide,  and  75  ml 
of  o-xylene.  The  reaction  mixture  was  heated  with  efficient  stirring  for  20  lir  at  the  boiling  point  of  o-xylenc. 

The  mixture  assumed  a  reddish-brown  color  and  a  yellow  precipitate  deposited  on  the  bottom.  The  precipitate 
was  separated  by  filtration,  washed  with  xylene,  and  dried.  The  precipitate  proved  to  be  sodium  chloride  with  a 
small  amount  of  tire  starting  materials  as  impurity.  The  addition  of  petroleum  ether  to  the  xylene  solution  gave 
1.2  g  of  a  brick-red  powder,  which  proved  to  be  9,10-bis(benzenesulfonamidomethyl)anthracene  (II),  m.p,  112 
to  114*. 

Found  N  5.84.  C28H24O4N2S2.  Calculated  N  5.43* 

The  reaction  with  the  sodium  salt  of  p-toluenesulfonamidewas  run  in  a  similar  manner.  We  obtained  1.2  g 
of  9,10-bis(p-tolucnesulfonamidomethyl)anthracene.  Dark  red  powder  with  m.p.  83-85*. 

Found  <fo:  N  4.98.  C30H28O4N2S2.  Calculated  ^0:  N  5.10.  ^ 

The  reaction  of  (I)  with  the  sodium  salt  of  p-isopropylbenzenesulfonamide  gave  1.0  g  of  9,l0-bis(p-lsopropyl- 
bcnzencsulfonamidomethyl)anthracene.  Dark  red  powder  with  m.p.  93-94*. 

Found  ‘fo:  N  4.65.  C34H3602N2S2  .  Calculated  N  4.63. 

The  reaction  of  (I)  with  the  sodium  salt  of  mesitylenesulfonamide  gave  1.0  g  of  9,10-bis(mesitylenesulfon- 
amidomethyl)anthracene.  Orange  powder  with  m.p.  138-140*. 

Found  %:  N  4.77.  C34H36O2N2S2.  Calculated  N  4.63. 

SUMMARY 

1.  It  was  established  that  of  the  known  methods  for  the  chlorometliylation  of  anthracene  the  best  is  when 
the  chloromcthylation  is  run  in  dioxane  solution  with  the  passage  of  hydrogen  chloride  through  the  solution. 

2.  A  convenient  method  for  the  preparation  of  9,10-bis(arenesulfonamidomethyl)anthracenes  is  their  syn¬ 
thesis  from  9,10-bis(chloromcthyl)anthracenc  and  the  monosodium  salts  of  arencsulfonamides  in  xylene  solution  or 
other  high-boiling  aromatic  hydrocarbons. 

Four  previously  unknown  sulfonamido  derivatives  of  anthracene  were  synthesized  by  the  indicated  method. 
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3.4-PENTAMETHYLENE-1.2.4-TRIAZOLES 
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The  high  activity  of  the  CH3O  group  in  the  methyl  ethers  of  cyclic  lactims,  utilized  by  Petersen  and  Tietze 

[1]  to  obtain  a  whole  series  of  arnidrazoncs,  and  also  their  cyclization  products  —  derivatives  of  1,2,4-triazolc  —  ^ 
makes  it  possible  to  achieve  the  synthesis  not  only  of  1,2,4-triazoles,  but  also  of  other  cyclic  systems.  Even  Stolle 

[2]  by  reacting  hydrazine  hydrate  with  caprolactim  ethers  was  able  to  obtain  2-hydrazino-A^’^-homopiperideine 
(I),  which  then  by  treatment  with  sodium  nitrite  and  acetic  acid  was  converted  to  1,5-pentamethylenetetrazole 
(corazole): 


^-NII-NIl2 

(Clhh  I 


UNO, 


(I) 


(CHa):. 


\n_n5^ 


Petersen  reacted  acylhydrazines  with  the  methyl  ethers  of  cyclic  lactims  to  yield  amidrazones,  which  then 
by  long  boiling  in  alcohol  were  converted  to  1,2,4-triazolcs. 


C-NH-NH 

N 


In  essence  the  last  reaction  consists  in  tlie  cleavage  of  water  from  the  tautomeric  form  of  the  amidrazone 
(A).  The  possibility  of  easy  replacement  of  the  alkoxyl  group  in  lactim  ethers  by  various  amines  [3],  on  the  one 
hand,  and  on  the  other  hand,  the  ability  of  these  amino  derivatives  to  tautomerize  to  the  ureido  form,  opens  up 
tlie  possibility  of  also  obtaining  the  corresponding  imidazoles,  pyrimidines,  benzimidazoles  andquinazolones.  It 
proved  that  the  1,2,4-triazoles  could  be  obtained  in  better  yields  than  those  reported  by  Petersen  [1].  Thus,  o- 
methylcaprolactim  at  low  temperature  reacts  almost  quantitatively  witli  hydrazine  hydrate  to  yield  (I),  which 
when  heated  with  acid  esters  gives  amidrazones;  here  it  is  unnecessary  to  isolate  (I)  in  tlie  pure  state.  2-(A^»^- 
homopipcrideincjisonicotinoylhydrazidc  was  obtained  in  a  similar  manner,  and  from  it  3,4-pentamethylene-5- 
(y"pyridyl)-l, 2,4-triazole,  wiiilc  the  heating  of  (I)  witli  formic  acid  smoothly  yields  3,4-pentametliylene-l,2,4- 
triazolc,  without  tlie  need  of  isolating  the  intermediate  products.  5-Mcthyl-3,4-pcntamethylene-l,2,4-triazole 
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was  obtained  in  a  similar  manner  from  (I)  and  glacial  acetic  acidor acetic  anhydride.  In  view  of  the  fact  that  in 
the  homopipcridine  ring  the  CM2  adjacent  to  the  carbonyl  exhibits  a  high  reactivity  [4],  the  need  arose  of 
determining  if  it  is  possible  to  convert  (1)  to  pyrazole  derivatives: 


/  ■  \ 

/  Nil 

^ - — NHK 

(It) 


\ 


■\ 

Nil 

-An 


\ - An 
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\l 


/ 
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However,  an  attempt  to  cyclize  die  phenylhydrazinocaprolactim  (la)  with  acetic  anhydride  proved  unsuccess* 
ful.  As  a  result,  this  excludes  the  possibility  of  forming  pyrazole  derivatives  in  the  cyclization  of  (I)  with  acids  or 
their  esters  and  at  the  same  time  supports  the  mechanism  given  above  for  the  cyclization  of  (I)  to  3,4-pentamethyl- 
ene-l,2,4-iriazoles.  The  investigation  is  being  continued.  Pharmacological  testing  of  the  3,4-pentamethylene- 
1, 2,4-triazoles  revealed  that  they  have  a  slight  corazole-like  activity. 


EXPERIMENTAL 

2-Hydrazino-A^**-homopiperideine  was  obtained  by  the  reaction  of  hydrazine  hydrate  with  o-methylcapro- 
lactim  [2],  followed  by  evaporation  of  the  reaction  mass,  washing  with  edier,  and  drying  in  vacuo  over  sulfuric 
acid.  Yield  90%, 

2-(A^**-Homopiperideine)isonicotinoylhydrazide,  o-Methylcaprolactim  (45.6  g)  was  added  dropwise  in 
30  min  to  20  g  of  hydrazine  hydrate  at  18-20",  with  intermittent  water  cooling,  of  the  reaction  mass.  After 

l. 5  hr,  52.85  g  of  ethyl  isonicotinate  was  added  at  one  time  to  the  reaction  mass  and  the  whole  was  stirred  for 
another  4  hr  at  20*.  The  obtained  light-yellow  precipitate  was  filtered,  washed  with  100  ml  of  26%  alcohol,  and 
dried.  The  yield  of  2-(A**^-homopiperideine)isonicotinoylhydrazide  was  53.2  g  (65.5%,  based  on  the  ethyl 
isonicotinate),  m.p.  208-210*.  The  compound  is  difficultly  soluble  in  water  and  in  most  organic  solvents. 

Found  %:  N  24.03.  C12H16ON4.  Calculated  %:  N  24.12. 

3,4-Pentamethylene-5-(y-pyridyl)-l, 2,4-triazole.  A  mixture  of  9.7  g  of  2-(A***-homopiperideine)isonIco* 
tinoylhydrazide  and  150  mi  ol  anliydrous  alcohol  was  refluxed  on  the  water  bath  for  22  hr;  here  complete  solution 
was  obtained,  after  which  tlie  solution  was  heated  with  carbon  for  another  1,5  hr,  filtered,  and  the  filtrate  concen¬ 
trated  to  half  volume.  The  residue  on  cooling  gave  1  g  of  unreacted  hydrazide,  which  was  filtered,  and  the  filtrate 
was  evaporated  to  dryness.  We  obtained  7  g  (87%)  of  3,4-pentamethylene-5-(y-pyridyl)-l, 2,4-triazole,  m.p, 
138-139*(hygroscopic).  Recrystallization  from  ethyl  acetate  (1 :  22),  and  then  from  benzene  (1 : 10),  raised  the 

m. p.  to  139-140".  The  compound  is  very  soluble  in  water,  alcohol,  chloroform,  and  acetone,  and  possesses  basic 
properties. 

Found  %:  N  26.16.  C12H14N4.  Calculated  %:  N  26.26. 

The  treatment  of  the  solution  of  1  g  of  3,4-pentamethylene-5-(y-pyridyl)-l,2,4-triazole  in  30  ml  of  water 
with  20  ml  of  saturated  aqueous  mercuric  chloride  solution  gave  2.2  g(~100%)  of  the  double  mercuric  chloride 
salt,  m.p.  263-265*. 

Found  %:  Hg  39.83.  Ci2H,4N4*  HgC^.  Calculated  %:  Hg  41.3. 

Pentamethylene-1, 2,4-triazole.  A  slight  evolution  of  heat  was  observed  when  40  ml  of  85%  formic  acid 
was  added  to  13.4  g  of  2-hydrazino-A'*^-homopiperideine.  The  reaction  mass  was  refluxed  for  1  hr,  evaporated 
and  the  residue  was  distilled.  We  obtained  10.5  g  (74%)  of  3,4-pcntamethylene-l, 2,4-triazole,  b,p.  220*  (13  mm), 
m.p.  72-74 "(hygroscopic).  The  compound  is  readily  soluble  in  water,  alcohol,  acetone,  chloroform,  and  dioxane, 
and  more  difficultly  soluble  in  ethyl  acetate,  benzene,  benzine,  and  ether. 

Found  %:  N  30.95.  C7H11N3.  Calculated  %:  N  30.65. 

Treatment  of  the  obtained  triazole  with  saturated  mercuric  chloride  solution  gave  the  double  mercuric 
chloride  salt,  m.p.  195-198*. 
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round  %:  Ilg  49.47,  C7FI,|N3*  HgCl2.  Calculated  Hg  49.09. 

5-Mcthyl-3,4-pcntamcthylcnc-l,2,4-triazolc.  2-Hydrazino-A***-homopipcridcine  (13,1  g)  was  added 
gradually,  witii  mild  cooling,  to  a  mixture  of  20  ml  of  glacial  acetic  acid  and  20  ml  of  acetic  anhydride,  after 
which  tlie  mixture  was  refluxed  for  3  hr.  Then  the  reaction  mixture  was  evaporated,  followed  by  distillation  of 
the  residue  to  give  12.1  g  (92.37o)  of  5-mcthyl-3,4-pcntamcthylcne-l  ,2,4-triazole,  b.p.  174-175*  (2  mm),  m.p. 

106- 108*  (hygroscopic).  The  compound  is  soluble  in  water,  benzene,  ethyl  acetate  and  chloroform,  and  difficultly 
soluble  in  ether  and  benzine. 

Found  N  27.91.  CgllijNj.  Calculated  tfo:  N  27.81. 

2"(A***-llomopipcrideinc)phcnylhydrazinc.  o-Methylcaprolactim  (12.7  g)  was  added  dropwise  in  30  min  to 
11  g  of  phcnylhydrazinc  at  20*.  The  reaction  mass  was  heated  at  80-85*  for  1.5  hr,  after  wliicli  it  was  evaporated 
in  vacuo,  followed  by  treatment  of  die  residue  with  absolute  ether  to  give  3.5  g  of  2-(A*'^-homopiperidcine)phenyl- 
hydrazinc,  3.3  g  of  which,  after  recrystallization  from  a  mLxture  of  150  ml  of  absolute  edier  and  10  ml  of  anhy- 
drousalcohol,gavc3.1  g  of  prisms  with  m.p.  113-115*.  The  compound  is  readily  soluble  in  alcohol,  chloroform, 
benzene,  and  acetone,  less  readily  soluble  in  ether,  difficultly  soluble  in  water,  and  readily  soluble  in  mineral 
acids. 


Found  %:  N  20.36.  C|2Hi7N3.  Calculated  N  20.69. 

SUMMARY 

1,  The  heating  of  2-hydrazino-A*'*-homopipcrideinc  with  carboxylic  acids  or  their  esters  yields  5-substi- 
tuted  1,2,4 -triazoles, 

2.  The  dieory  was  expressed  that  N-acylhydrazino-A*^^-homopiperideines  react  in  the  tautomeric  form 
when  cyclized. 
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PREPARATION  AND  PROPERTIESOF  D 1  A  L  K  Y  L  P  H  OS  P  HORIC. 
ALKYLXANTHIC  ANHYDRIDES 

M,  S.  Mailinovskii  and  Z.  F.  Solomko 
Dnepropetrovsk  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No,  2,  pp,  652-653, 
February,  1960 

Original  article  submitted  April  15,  1958 


Mixed  anhydrides  of  dialkylthiophosphoric  and  xanthic  acids  of  type  (H'0)2p— S— C— OR  have  been  re¬ 
peatedly  studied  as  insecticides  [1, 2].  The  mixed  anhydrides  of  dialkylphosphoric  and  xanthic  acids  of  general 

formula  (n'0)2l’— S— C— OR"  have  been  studied  to  much  lesser  degree,  for  which  reason  we  decided  to  synthe¬ 
size  this  class  of  compounds  and  study  their  properties. 

To  obtain  the  indicated  compounds  we  reacted  dialkyl  chlorophosphates  with  the  potassium  salts  of  alkyl- 
xanthic  acids  in  accordance  with  the  equation: 


JO 

(R'0)2p  -F  KS-C-Oir  (R'0)2R— S-G-OR", 

\:i 


wnereR'  =  c,n,.  n -c.h,.  iso -CjH,;  ch,.  r.ii,.  n-c,H,.  n  -c,h,.  n-c.H,,  n  -c,!!,.  n-c,H., 

ISO 


The  obtained  compounds  are  yellowish  oils  with  a  faint  odor;  they  are  insoluble  in  water  and  readily  soluble 
in  most  organic  solvents.  Some  of  them  can  be  vacuum-distilled  (2-3  mm);  most  of  the  decompose  at  the  indic¬ 
ated  vacuum,  for  which  reason  they  were  purified  by  chromatographing  on  aluminum  oxide.  The  properties  of  the 
synthesized  compounds  ate  given  in  the  table. 


To  confirm  the  structure  of  the  dialkylphosphoric  alkylxanthic  anhydrides  one  of  them,  and  specifically 

(021150)2!’ —S — C— 0C2!!5,  was  hydrolyzed  with  alcoholic  alkali.  Potassium  phosphate  and  ethyl  xanthate  were 
found  in  the  hydrolysis  products,  which  confirms  the  structure. 


EXPERIMENTAL 

Reaction  of  Potassium  Alkylxanthates  with  Dialkyl  Chlorophosphates.  A  charge  of  0,1  mole  of  potassium 
alkylxanthate  (rccrystallized  from  alcohol  and  dried  in  a  vacuum-desiccator)  was  placed  in  a  flask,  fitted  with  a 
dropping  funnel,  stirrer,  and  reflux  condenser.  A  solution  of  0,1  mole  of  dialkyl  chlorophosphate  in  100  ml  of 
absolute  ether  was  then  added  from  the  dropping  funnel  in  small  portions  to  the  flask.  After  this  the  mixture  was 
heated  on  the  water  bath  for  2-3  hr  and  then  allowed  to  stand  overnight.  The  precipitate  of  potassium  chloride 
was  filtered,  the  ether  was  distilled  off,  and  the  residue  was  vacuum-distilled.  The  following  fractions  were  col¬ 
lected;  No.  1,  b.p.  51*  at  5  mm;  No.  2,  b.p.  59-60*  at  4  mm;  No.  3,  b.p.  79-80*  at  4  mm. 

Hydrolysis  of  Diethylphosphoric  Ethylxanthic  Anhydride.  Five  grams  of  the  anhydride  was  hydrolyzed  with 
alcoholic  caustic.  After  one  day,  the  obtained  precipitate  was  filtered,  washed  with  alcohol,  and  dried.  The 
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Dialkylphosphoric  Alkylxantliic  Anhydrides  (R'OhP^S— C^OR" 


phosphorus 
conifciu  (%) 

.20  _ iLl _ Yield 

I 

calc,  found  found  calc.  (%) 


THE  CHLORINATION  OF  PROPYLENE  GLYCOL 

G.  A.  Razuvaev,  I.  F.  Spasskaya,  and  V.  S.  Etlis 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp,  653-657, 
February,  1960 

Original  article  submitted  February  25,  1959 


Continuing  our  investigations  on  the  reaction  of  chlorine  with  dihydric  alcohols  [1],  we  ran  some  experi¬ 
ments  on  the  chlorination  of  propylene  glycol.  Vigorous  chlorine  absorption  and  the  evolution  of  heat  ate  ob¬ 
served  when  propylene  glycol  is  photochlorinated,  and  also  when  the  chlorination  is  run  in  the  presence  of  either 
acctylcyclohexanesulfonyl  peroxide  or  azobLsisobutytonitrile.  Usually,  70-80 hr  are  required  to  complete  the 
chlorination.  Crystals  of  dichloropyrotartaric  acid,  containing  one  molecule  of  crystallization  water  (I),  deposit 
from  the  reaction  mixture  either  immediately  or  after  removal  of  the  HCl.  The  liquid  portion  of  the  chlorination 
products  consists  of  the  ester  of  dichloropyrotartaric  acid  with  propylene  chlorohydrin  (II),  1,1,3-trichloroacctone 
(III),  and  a  small  amount  of  water.  If  the  chlorination  of  propylene  glycol  is  run  for  only  16-20  hr  ,  then  the  re¬ 
action  products  contain  only  traces  of  (I)  but  together  with  (II)  and  (III)  there  is  also  some  propylene  chlorohydrin 
present.  The  data  on  the  quantitative  composition  of  the  mixtures  obtained  in  the  presence  of  different  initiators 
are  given  in  the  table. 

The  isolated  products  give  basis  to  assutne  that  two  processes,  namely  oxidation  and  chlorination,  take 
place  in  the  chlorination  of  propylene  glycol,  accompanied  by  a  secondary  esterification  reaction.  Water  is  liber¬ 
ated  as  a  result  of  the  reactions  that  occur  during  the  chlorination.  Consequently,  together  with  chlorine,  it  is 
also  possible  for  hypochlorous  acid  to  participate  in  both  the  chlorination  and  the  oxidation  processes.  Apparently, 
at  first  carbonyl  compounds  are  formed:  pyrotartraldehyde,  acetylcarbinol,  and  hydroxypropionaldehyde.  The 
liberated  hydrogen  reacts  with  the  propylene  glycol  and  gives  predominantly  l-chloro-2-propanol  and  water  [2], 

As  we  had  found  earlier  [3],  when  l-chloro-2-propanol  is  reacted  witli  chlorine,  it  is  oxidized  and  chlorinated 
under  these  conditions  to  1,1,3-trichloroacetone.  The  oxidation  and  simultaneous  chlorination  of  pyrotartralde¬ 
hyde  hydrate  yields  dichloropyrotartaric  acid. 

The  other  possible  route  for  the  formation  of  (I): 


CH3Cll(OII)-Cll2Cl  CHj-C-CHaCl  ^  ClICIz-C-CCis 


O 


CIICI2— c— c 

«,  \oii 

(I) 


II2O  3HCI 


seems  less  probable  to  us,  for  the  reason  that  (1)  is  not  formed  when  a  mixture  of  l-chloro-2-propanol  and  water 
in  a  molar  ratio  of  1  : 3  is  photochlorinated  at  50-60*,  whereas  the  chlorination  of  a  34*70  aqueous  solution  of  pyro¬ 
tartraldehyde  in  UV-light  at  50-60*  gave  (I)  in  Sl^o  yield. 

As  a  result,  the  primary  oxidation  of  both  hydroxyl  groups  of  propylene  glycol  is  concurrent  with  the  reac¬ 
tion  of  propylene  glycol  with  HCl.  Proceeding  from  this,  it  must  be  concluded  that  the  presence  of  water  in  the 
starting  propylene  glycol,  facilitating  a  progress  of  the  oxidation  reactions,  should  improve  the  yield  of  (I),  and 
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Composition  of  ilic  Chlorination  Products  of  Propylene  Glycol 


Considerations 

Experiment  No.  and  chlorination  conditions 

1 

2 

3 

4 

5 

in  UV- 
light 

in  the  pres¬ 
ence  of  0.5% 
acetylcyclo- 
hexanesulfo- 
nyl  peroxide 

in  tlie  pres¬ 
ence  of  0.5% 
azobisisobutyr- 
onitrile 

in  UV-light  at  a  molar 
ratio  of  propylene  glycol 
to  water  equal  to 

mm 

1:4 

Chlorination  time  (in  hours) 

70-80 

80 

85-86 

70 

70 

Yield  of  chlorinated  product  (in  g) 

179 

187 

159 

230 

290 

Separation  of  100  g  of  mixture  gave  (in  g); 

dichloropyrotartaric  acid  (I) 

15.4 

12.4 

10.8 

35.8 

38.0 

unidentified  products  with  b.p,  70-104*  at 

3  mm 

13.0 

21.7 

13.8 

3.3 

2.5 

1,1,3-trichlotoacetone  (III) 

27.9 

24.5 

27.9 

18.3 

15.2 

ester  of  dichloropyrotartaric  acid  with 

propylene  chlorohydrin  (II) 

15.5 

21.2 

16.4 

6.6 

8.3 

•  In  all  of  the  experiments  we  took  100  g  of  propylene  glycol  for  chlorination.  In  all  cases  the  amount  of  chlor¬ 
ination  mixture  taken  for  fractional  distillation  was  100  g. 


actually,  as  can  be  seen  from  Experiments  4  and  5  (see  table),  the  amount  of  (I)  in  the  mixture  increases  nearly 
2.5  times  if  the  mixture  of  propylene  glycol  and  water  subjected  to  chlorination  is  taken  in  a  molar  ratio  of  1 :2 
or  1 ;  4. 


xV 

Of  the  two  paths  possible  for  the  formation  of  («I1CI2— C— C<f 

II  ^O— Cll(Cll3)Cll2CI: 


the  direct  reaction  of  di- 


() 

chloropyrotartaric  acid  with  propylene  chlorohydrin  or  through  the  semiacetal  of  pyrotartraldchyde  with  1-chloro- 
2-propanol  and  subsequent  chlorination,  the  first  seems  to  be  the  more  probable  to  us,  since  we  were  unable  to 
detect  any  acetals  in  the  reaction  products,  which  should  have  been  present  along  with  the  ester  if  the  reaction 
had  gone  in  accordance  with  the  second  path. 


In  this  paper  we  discuss  only  the  different  ways  of  forming  the  products  obtained  by  us  in  the  chlorination  of 
propylene  glycol,  not  touching  upon  the  mechanism  of  the  oxidation  and  chlorination  processes  that  take  place 
here. 


EXPERIMENTAL 

Propylene  glycol,  with  b.p.  96-98“  at  21  mm  and  n*®D  1.4333  (b.p.  101.8*  at  24  mm,  n^^D  1.4331  [4])  was 
charged  into  a  reactor  that  was  fitted  with  a  reflux  condenser,  thermometer,  and  a  sparger  made  from  porous  glass 
plate.  The  chlorination  in  UV-light  was  done  in  a  quartz  reactor,  which  was  illuminated  with  a  PRK-2  mercury- 
quartz  lamp,  located  at  a  distance  of  9  cm  from  the  reactor.  At  die  start  of  the  process  the  temperature  rose  spon¬ 
taneously  to  110-120*,  after  whi'di  it  was  held  at  50-60*.  Chlorination  was  continued  until  a  solid  product  began 
to  deposit,  after  which  nitrogen  was  blown  through  the  mixture  for  2-3  days  to  remove  the  CI2  and  HCl.  The 
products  carri^  ’  oo'  by  the  nitrogen  were  caught  in  a  trap  that  was  cooled  to  -60*  to  -70*. 

.!!c  mixture  obtained  by  the  chlorination  of  anliydrous  propylene  glycol  was  diluted  with  benzene  and  the 
./cnzene-insoluble  dichloropyrotartaric  acid  was  filtered,  after  which  the  filtrate  was  allowed  to  stand  over  marble 
for  several  days  to  tie  up  the  HCl.  The  residue  after  distilling  off  the  benzene  was  fractionally  distilled  in  vacuo. 
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The  product  obtained  in  the  chlorination  of  a  mixture  of  propylene  glycol  and  water  separated  Into  two 
layers;  after  separating  the  upper  aqueous  layer,  the  lower  layer  was  extracted  several  times  with  water.  The 
combined  aqueous  extract’ was  distilled  at  120  mm  to  remove  the  water.  The  residue  remaining  in  the  still  pot 
was  (1)  wltli  a  small  amount  of  liquid  organic  products  as  impurity,  which  were  removed  by  washing  with  benzene 
and,  after  evaporation  of  the  benzene,  added  to  the  lower  layer.  The  lower  layer  after  drying  over  anhydrous 
Na{S04  was  fractionally  distilled  in  vacuo. 

From  the  data  given  in  the  table,  it  can  be  seen  that  the  sum  of  the  components  in  each  experiment  Is 
equal  to  64  to  79.8‘7o:  the  remaining  36-20«7o  represent  losses,  of  which  approximately  half  exist  as  still  residues, 
while  the  remainder  arc  losses  incurred  in  distillation.  The  high  losses  incurred  during  the  fractional  distillation 
are  due  to  decarboxylation,  since  a-keto  acids  and  their  esters  are  easily  decarboxylated  when  heated  in  acid 
medium. 

The  dichloropyrotartaric  acid  (1)  with  one  molecule  of  crystallization  water,  isolated  from  the  products  of 
the  chlorination  of  propylene  glycol,  had  m.p.  118-120"  (from  dichloroethane)  (m.p.  119*  [5]), 

Found  %:  C  20.86;  H  2.31;  Cl  40.35;  Equiv.  178.5.  CaHjOjClj*  H,0.  Calculated  %  C  20.57;  H  2.28; 

Cl  40.57.  Equiv.  175. 

The  ethyl  ester  of  (I)  had  b.p.  64-66"  at  2  mm,  n”D  1.4560  (b.p.  115"  at  12  mm  [6]). 

Found  %:  C  32.56;  H  3.18;  Cl  37.82.  M  18G.7  (cryoscopic).  CsH^OaClj.  Calculated  C  32.43;  H  3.24; 

Cl  38.37.  M  185. 

The  oxidation  of  2.6  g  of  (I)  with  2%  neutral  KMn04  solution  gave  1.5  g  of  dichloroacetic  acid,  the  aniline 
salt  of  which  had  m.p.  123-124*  (from  a  mixture  of  benzene  and  alcohol).  Tlie  mixed  melting  point  with  the 
aniline  salt  of  authentic  dichloroacetic  acid  was  not  depressed. 

1,1,3-Trichloroacetonc  (III),  isolated  from  the  chlorination  products  of  propylene  glycol,  had  b.p.  59-60* 
at  2  mm  and  n^®D  1.4900  (b.p.  70.5-71.5  at  17  mm  [7]), 

Found  ojo-.  Cl  65.20.  C3H3OCI3.  Calculated  Cl  65.94. 

A  mixture  of  6  g  of  (III)  and  6  g  of  water  was  cooled  to  give  0.9  g  of  the  hydrate  of  (III)  with  m.p.  45-47* 
(from  water  and  subsequent  washing  with  petroleum  ether)  (m.p.  45-47*  [7]), 

Found  <70:  Cl  60.50.  C3H30C13*  H2O.  Calculated  “fo:  Cl  59.33. 

The  ester  of  dichloropyrotartaric  acid  with  propylene  chlorohydrin  (II),  obtained  by  the  chlorination  of 
propylene  glycol,  had;  b.p.  115-117*  at  10  mm;  n2°D  1.4848,  d^“D  1.4635. 

Found  %  C  29.92;  H  3.08;  Cl  45.80.  M  234.0.  C6H;03Cl3.  Calculated  C  30.83;  H  2.99;  Cl  45.61. 

M  233.5 . 

The  saponification  of  (II)  with  NaOH  solution,  followed  by  steam  distillation,  gave  a  qualitative  test  for 
propylene  oxide  (test  with  Nad  and  phenolphthalein). 

The  decarboxylation  of  (II)  with  mineral  acids  gave  dichloroacetaldehyde.  A  mixture  of  17.38  g  of  (II), 

17  ml  of  concentrated  HCl  and  10  ml  of  water  was  heated  under  reflux  for  18  hr.  After  neutralization  with  marble, 
we  distilled  off  the  mixture  with  b.p.  80-107",  from  which  we  obtained  2.08  g  of  the  phenylhydrazine  derivative 
with  m.p.  233-234*  (from  alcohol).  The  mixed  melting  point  with  the  corresponding  derivative  of  authentic  di¬ 
chloroacetaldehyde  was  not  depressed. 

To  compare  the  constants,  we  syntltesized  5.66  g  of  the  ester  from  9.3  g  of  (I)  and  13.98  g  of  1-chloio- 
2-propanol.  The  freshly  prepared  compound  had  b.p.  104-106*  at  3  mm,  n^^D  1.4768,  and  d^4  1.4162,  The  liquid 
became  more  viscous  on  standing.  Four  months  after  preparation  the  same  sample  had  n^®D  1,4860  and  d*®4 
1.4574. 

Chlorination  of  Pyrotartraldehyde  Hydrate.  Into  a  quartz  reactor,  equipped  with  a  reflux  condenser,  ther¬ 
mometer  and  a  sparger  made  of  porous  glass  plate,  was  charged  33.0  g  of  a  31%  solution  of  pyrotartraldehyde, 
prepared  by  the  oxidation  of  acetone  with  Se02[8],  The  reactor  was  illuminated  with  a  PRK-2  mercury-quartz 
lamp,  located  9  cm  from  the  reactor.  The  chlorination  was  run  at  50-60*  for  67  hr.  To  remove  the  CI2  and  HCl, 
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tlic  mixture  was  blown  with  nitrogen  for  several  days,  and  the  extracted  products  were  collected  in  a  trap  cooled 
to  -GO  to  -70*.  Removal  of  the  water  by  distillation  at  120  mm  gave  22.0  g  of  acid  with  m.p.  119*,  the  mixed 
melting  point  of  which  with  the  dichloropyrotariaric  acid  obtained  by  tlie  chlorination  of  propylene  glycol  was 
not  depressed. 


SUMMARY 

1.  The  chlorination  of  propylene  glycol,  initiated  by  UV-light,  by  acctylcyclohexanesulfonyl  peroxide, 

or  by  azobisisobutyronitrile,  yields  a  mixture  that  is  composed  of  lO-lS'To  dichloropyrotartaric  acid,  24-2S^o  1,1,3 
tricliloroacctone,  and  \b-2\%ol  the  ester  of  dichloropyrotartaric  acid  with  propylene  chlorohydrin. 

The  chlorination  of  a  50^o  aqueous  solution  of  propylene  glycol  gave  a  40‘f(j  yield  of  dichloropyrotartaric 

acid. 

2.  The  photochlorination  of  pyrotartraldehydc  hydrate  gave  an  81%  yield  of  dichloropyrotartaric  acid. 
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In  the  conjugation  of  the  carbonyl  bond  with  the  ethylenic  bond*  there  occurs  to  variable  degree  (depend¬ 
ing  on  the  structure  of  the  molecule)  a  weakening  of  the  ethylenic  bond  (a  reduction  in  its  electron  density.  In 
other  words  —  a  decrease  in  its  electronization),  manifested  in  a  decrease  in  its  vibrational  frequency,  and  con¬ 
sequently,  also  in  its  energy,  and  in  an  increase  in  its  interatomic  distance  [2],  which  can  be  seen  from  a  com¬ 
parison  of  the  frequencies  of  the  C=C  bond  in  methylethylene  and  acrolein  [3];  here  the  vibration  frequency  of 
the  carbonyl  bond  remains  at  a  high  level,  in  tlie  case  of  acrolein  at  1692  cm”^.  An  entirely  different  picture 
is  observed  in  tlie  case  of  acrylic  and  methacrylic  acids  in  the  liquid  phase:  the  vibration  frequencies  of  the  ethyl¬ 
enic  bond  remain  at  a  high  level  (~1640  cm  '),  whereas  the  most  intense  fundamental  carbonyl  frequency  is  low¬ 
ered  sharply  (~  1660  cm"'). 


1640  -161«- 

HjC— C\  ,  HjC  =  C 

H 


1640 

H,C  =  C 


(1721,1740) 


\ 


H 


O-H- 


H,C  =  C  ^O-H- 

'^CHj 


Such  a  relationship  of  the  vibration  frequencies  of  the  ethylenic  and  carbonyl  bonds  in  the  liquid  phase  of 
the  mentioned  acids  indicates  a  decreased  effect  of  the  conjugated  carbonyl  bond  on  tlie  ethylenic  bond  because 
of  its  involvement  in  hydrogen  bonding.  As  can  be  seen  from  the  optical  data,  given  in  the  Experimental  section 
the  complexes  associated  via  hydrogen  bonding  are  somewhat  different  for  acrylic  and  methacrylic  acid.  Actually, 
these  data  show  (in  accordance  with  the  results  of  our  previous  studies  in  tlie  aliphatic  acid  scries  [4])  that  acrylic 
acid  in  the  liquid  phase  forms  not  only  dimeric  ring  complexes,  but  also  multiple  chain  complexes,  as  a  result  of 
which  tlircc  types  of  carbonyl  groups  arc  observed  in  liquid  acrylic  acid:  1)  the  carbonyl  included  in  die  hydrogen 
bond  of  the  dimeric  ring;  it  is  characterized  by  die  lowest  (1659  cm”')  vibration  frequency,  and  consequently,  the 
lowest  bond  energy  and  die  greatest  interatomic  distance;  2)  the  carbonyl  included  in  the  associated  chain  com¬ 
plex,  which  is  characterized  by  a  somewhat  higher  vibration  frequency  (1724  cm"'),  and  consequently,  a  greater 
bond  energy  and  a  smaller  interatomic  distance;  and  3)  the  carbonyl  at  the  end  of  the  chain,  free  from  die  hydro¬ 
gen,  and  with  a  still  higher  vibration  frequency  (1740  cm”'  ),  and  consequently,  a  still  greater  bond  energy  and  a 
smaller  interatomic  distance.  The  frequencies  of  the  second  and  third  types  of  carbonyls  are  considerably  weaker 
in  intensity  than  the  first  type,*  * 


*  In  previous  papers  [1]  we  discussed  the  conjugation  of  two  like  unsaturated  bonds  in  molecules  having  a  simple 
but  quite  symmetrical  structure  (butadiene,  hexachlorobutadienc,  diacetylenc), 

*  *  The  band  of  die  hydroxyl  included  in  the  hydrogen  bond  is  apparently  masked  by  the  frequencies  of  the  CH 
bonds  in  die  spectra  of  both  acrylic  and  methacrylic  acid;  it  does  not  show  up  in  its  usual  place  (3200-3600  cm"'). 
The  vestiges  of  a  line  at  3575  cm”',  observed  in  die  spectrum  of  liquid  acrylic  acid,  possibly  belong  to  the  vib¬ 
ration  frequency  of  die  terminal  hydroxyl,  not  involved  in  the  hydrogen  bonding  in  the  chain  complex. 
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Three  types  of  carbonyl  groups  in  liquitl  acrylic  acid  arc  responsible  for  ihrec  different  effects,  varying  in 
strength,  on  the  cthylenic  bond,  as  a  result  of  which  tlircc  frequencies  of  the  C  =  C  bond  appear  in  tlic  spectrum: 

1)  the  carbonyl  involved  in  the  hydrogen  bond  of  (he  dimeric  ring,  and  itself  experiencing  under  its  influence  the 
greatest  changes  (it  is  less  cicctronized),  exerts,  as  was  mentioned,  only  a  slight  weakening  effect  on  the  ethyl- 
cnic  bond  in  conjugation  with  it;  its  frequency  remains  at  1640  cm”*;  2)  the  more  cicctronized  carbonyl  of  die 
associated  chain  cotnplex  with  a  higher  vibration  frequency  (1724  cm"*)  already  exerts  a  greater  weakening  ef¬ 
fect  on  tile  conjugated  cthylctiic  bond,  reducing  its  electron  density,  which  is  evidenced  by  a  reduction  in  the 
vibration  frequency  of  this  bond  to  1631  cm"*;  3)  die  more  cicctronized  terminal  carbonyl  of  the  associated 

chain  complex,  present  in  small  amount  in  the  case  of  liquid  acrylic  acid  with  the  highest  vibration 
frequency  (1740  cm"*),  exerts  the  greatest  weakening  effect  on  die  conjugated  cthylenic  bond,  reducing  its  elec- 
tronization,  as  is  evidenced  by  a  reduction  in  the  vibration  frequency  of  this  bond  to  1622  cm”*. 

In  tlic  spectrum  of  liquid  mcthacrylic  acid,  in  the  regions  characteristic  for  the  carbonyl  and  cthylenic 
bonds,  there  is  practically  only  one  frequency  observed  for  each,  at  1664  and  1641  cm”*,  respectively:  the  first 
belongs  to  die  carbonyl  contained  in  the  dimeric  ring  (analogous  to  that  observed  in  the  ease  of  acrylic  acid), 
while  the  second  belongs  to  die  cthylenic  bond  found  in  conjugation  with  it.  In  otlicr  words,  liquid  mcthacrylic 
acid  exists  with  a  marked  predominance  of  the  ring  dimers;  chain  association  is  practically  absent  in  it,  apparent¬ 
ly  due  to  die  steric  hindrance  created  by  the  methyl  groups. 

It  is  possible  to  attack  the  hydrogen  bonds  in  acrylic  and  mediacrylic  acid,  changing  the  nature  of  the  com¬ 
plexes,  and  follow  the  corresponding  changes  in  the  effect  of  the  carbonyls  on  the  cthylenic  bonds.  Thus,  in  the 
spectra  of  12%  (by  volume)  carbon  tetrachloride  solutions  virtually  tlie  only  frequencies  that  are  retained  are 
those  at  1660  and  1639  cm"*  for  acrylic  acid  and  at  1665  and  1641  cm"*  for  mcthacrylic  acid,  characterizing, 
as  was  seen  above,  the  conjugated  carbonyl  and  ediylenic  bonds  in  the  dimeric  ring  complexes  (see  Table  1), 


From  these  data  it  can  be  seen  that  the  hydrogen  bond  of  the  dimeric  rings  of  acids  is  die  reason  for  the  re¬ 
duction  in  the  electron  density  (elcctronization)  of  the  carbonyl  groups,  and  accompanying  this,  for  the  decrease 
in  their  effect  on  cthylenic  bonds. 


Optical  data  show  that  when  acrylic  or  mcthacrylic  acid  is  dissolved  in  dioxane  (20%  by  volume)  most  of 
the  dimeric  rings  arc  cleaved.  Actually,  in  the  spectra  of  these  solutions  die  most  intense  carbonyl  vibration  fre¬ 
quencies  prove  to  be  (see  Table  1)  at  1726  and  1740  cm”*  for  acrylic  acid,  and  at  1720  and  1736  cm"*  for  mcth¬ 
acrylic  acid,  while  the  most  intense  vibration  frequencies  of  the  cthylenic  bonds  are  at  1632  and  1623  cm"*;  this 
means  that  in  die  indicated  solutions  die  associated  chain  complexes  composed  of  dioxane  and  acid  molecules  are 
mainly  retained,  die  carbonyls  of  which  in  turn  enter  into  hydrogen  bonding  with  other  acid  molecules. 
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It  is  evident  diat  in  less  concentrated  solutions  of  die  investigated  acids  in  dioxane  only  the  formation  of 
trimers,  composed  of  one  dioxane  molecule  and  two  acid  molecules,  should  be  expected.  As  a  result,  in  20% 
(by  volume)  dioxane  solutions  of  the  investigated  acids  the  molecules  that  predominate  in  the  formed  complexes 
prove  to  be  the  inner- chain  and  terminal  carbonyls,  being  die  most  highly  electronized  and  die  weakest  acting 
on  the  cthylenic  bonds  found  in  conjugation  with  them. 

In  the  liquid  methyl  esters  of  acrylic  and  mcthacrylic  acid  the  carbonyls  are  free  from  the  hydrogen  bonds; 
In  their  degree  of  elcctronization  they  lie  closer  to  the  elcctronization  level  of  die  inner-chain  and  terminal 
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TABLE  1 


Vibration  Frequencies  of  the  Carbonyl  Bond  and  of  the  Ethylenic  Bond  Found  in  Conjugation  with  It  for  the  Case 
of  Acrylic  and  Methacrylic  Acids  (in  the  liquid  phase  and  in  solutions)  and  Their  Esters  (in  cm"*) 


Types  of  carbonyl  bonds  and  ethylenic 

Acrylic  acid 

Methacrylic  acid 

bonds  found  in  conjugation  with  them 

O 

II 

u 

C  =C 

C 

I.  Liquid  phase 

• 

C  =  O  of  dimeric  ring  and  of  C  =  C  bond 
found  in  conjugation  with  it 

Inner  C  =  0  of  the  chain  complex  and  of 

1659(6) 

1640(10*) 

1664(9) 

'I 

1641(9)  , 

the  C=-C  bond  found  in  conjugation 

1724(3*) 

1631 (2sh*) 

with  It 

Terminal  C  =  O  of  rhe  chain  complex  and 

L  Practically  none 

of  the  C  =  C  bond  found  in  conjugation 
with  it 

1740(2*) 

1622(1*) 

II.  Solution  in  0(^4  (12%by  volume) 

C  =  0  of  dimeric  ring  and  of  C  =  C  bond 

found  in  conjugation  with  it 

1660(3) 

1639(4) 

1665(4) 

1641(4) 

111.  Solution  indioxane(20%  by) 

volume 

Terminal  C  =  0  of  chain  complexes  and 
of  C  =  C  found  in  conjugation  with  it 
Inner  C  =  0  of  chain  complex  and  of 

1740(4*) 

1623(3) 

1736(2*) 

1625(1) 

C=  C  bond  found  in  conjugation  with  it 

C  =  O  of  dimeric  ring  and  of  C  =  C  bond 

1726(6*) 

1632(6*) 

1720 (5*) 

1632(5*) 

in  conjugation  witli  it 

1660(1) 

1642(2*) 

1662(1) 

1643(1*) 

IV.  Methyl  esters  of  acids 

1730(3) 

1635(10) 

1726(6) 

1638(8) 

carbonyls  of  the  chain  complexes  than  to  the  electronization  level  of  the  carbonyls  of  the  ring  dimers  (see  Table 
!•).  The  effect  of  these  carbonyls  on  the  ethylenic  bonds  found  in  conjugation  witli  tlicm  is  close  to  the  effect 
of  the  inner-chain  carbonyls,  and  not  of  the  terminal,  which  is  due  to  the  effect  of  substituents  (methyl  groups). 

One  of  the  factors  of  the  cliaracterized  effect  of  the  carbonyl  on  die  conjugated  ethylenic  bond  is  the  sub¬ 
stantial  asymmetry  of  the  electron  cloud  around  the  carbon  atom  of  the  carbonyl  group,  resulting  in  a  major  un¬ 
shielding  of  its  positive  nucleus  on  the  side  opposite  the  oxygen  atom  (>  ^  =  0)  [2];  the  effect  of  this  unshielded 
side  of  the  carbon  atom  of  the  carbonyl  bond  causes  a  weakening  of  theetliylenic  bond,  and  a  reduction  in  its  elec¬ 
tron  density.  The  presence  of  free  electron  pairs  in  the  outer  electron  cloud  of  die  oxygen  atom  in  turn  makes 
the  latter  more  susceptible  to  changes  under  the  influence  of  various  forces  (hydrogen  bonding,  substituents),  which 
leads  to  important  changes  in  the  nature  of  the  carbonyl  and  to  corresponding  changes  in  its  influence  on  the  con¬ 
jugated  etltylenic  bond. 


•  In  Table  I  the  intensities  in  the  spectra  arc  comparable  widiin  the  spectrum,  but  notbetween  them,  since  for 
example,  the  spectra  of  the  solutions  were  taken  with  a  much  longer  exposure  than  the  spectra  of  the  acids  and 
esters.  See  die  remarks  in  Experimental  for  the  meaning  of  the  asterisks  appended  to  the  intensities  In 
Table  1. 
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TABLE  2 


.Physical  Properties  of  Acrylic  and  Mcthacrylic  Acidsandof  their  Esters 


Name  of  compound 

B.p.  (pressure 
in  mm) 

H 

2<1 

^I) 

A/Kd 

found 

calc. 

Acrylic  acid 

57°  (2.5) 

1.0.503 

1.4222 

17.4.5 

17.12 

Meihacrylic  acid 

P 

Lo 

i 

1.01.52 

1.4316 

21.06 

21.74 

Mctliyl  acrylate 

79.7  (7.50) 

0.0.526 

1.4030 

22.04 

21.85 

Methyl  methacrylate 

100.2(760) 

0.0410 

1.4138 

26..57 

26.48 

EXPERIMENTAL 

The  Raman  spectra  of  the  investigated  acids,  and  also  of  their  esters  were  taken  using  both  a  domestic  ISP-51 
spectrograph  with  a  middle  chamber  and  a  Hilger  E612  spectrograph,  using  the  blue  line,  at  4358  A  of  the  mercury 
lamp  as  tlic  exciting  source.* 

Acrylic  acid,  Av  cm"*:  307  (2  br),  343  (1),  502  (2  br),  028  (]),  708(0),  813  (1),  863  (4),  984  (2  br),  1046 
(0),  1075  (2  br),  1236  (3  br,  do).  1285  (6*  br).  1300  (2*),  1399(6 br),  1442  (2  br.  do).  1622  (1*).  1631  (2*  sh). 

1640  (10*  ),  1659  (6).  1724  (3*  ),  1740  (2*  ),  2991  (3).  3026  (5*  ).  3045  (6*  ).  3058  (3* ),  3065  (1),  3116  (8), 

3575  (0). 

Mcthacrylic  acid,  A  u  cm"*:  297  (1),  363  (2  br,  do),  382  (1*),  392  (5*),  405  (3*),  530  (4),  596  (4),  640(0), 

655  (0).  801  W,  939  (4*).  952  (4*),  962  (4*).  1008  (4),  1298  (1*).  1310  (2*).  1325  (2*br).  1381  (4).  1406  (9*), 

1429  (2* ).  1445  (2* ),  1458  (2* ).  1041  (9).  1664  (9),  2744  (1),  2935  (10),  2967  (3).  2986  (2*  ),  2998  (7*  br),  3015 
(2*),  3032  (1),  3052  (2  br),  3115  (6  br). 

Methyl  acrylate,  Ai/cm"*:  229  (4*  ).  240  (4*  ),  348  (3*  *  ),36l  (3**  ).456(1  •  ).469(4*  br.do), 510(0**  ),523(1**  ), 
622(2),  059  (1),  803  (2),  854  (7  do),  971  (4  do).  995  (3*).  1007  (3*).  1042  (1),  1068  (4  do),  1183  (3  do).  1207 
(3  do),  1284  (5  br),  1406  (8).  1444  (4* ),  1454  (3* ).  1469  (2* ),  1635  (10),  1730  (8).  2838  (2),  2859  (4).  2915  (1). 

2955  (10).  2993  (5).  3040  (10).  3072  (2),  3110  (0). 

Methyl  methacrylate.  Au  cm"*:  264  (1),  340  (1),  375  (4  br.  do),  386  (1),  476  (0),  489  (1  * ),  499  (2* ). 

617  (1*),  592  (3*  *).  603(3*  * ),  645  (0),  833  (6).  920  (1*),  938  (2*).  954  (1*),  995  (1).  1022  (2).  1166  (0), 

1218  (0).  1235  (0),  1324  (1).  1404  (6),  1441  (3),  1456  (3).  1638  (8).  1726  (6).  2935  (3),  2958  (3),  2980  (0),  2998  (3), 

3028  (0).  3035  (0),  3109  (1). 

Tlie  spectra  of  solutions  of  acrylic  and  mcthacrylic  acid  (see  Table  1)  in  carbon  tetrachloride  ( 12‘7o  by 
volume)  and  in  dioxanc  (20^0  by  volume)  were  also  taken.  The  physical  properties  of  die  investigated  compounds 
are  given  in  Table  2. 


SUMMARY 

Involvement  of  tliecarbonyl  of  acrylic  and  mcthacrylic  acids  in  hydrogen  bonding  weakens  its  effect  on  the 
conjugated  ethylenic  bond,  especially,  in  the  case  of  dimeric  ring  association.  Removal  of  the  carbonyl  from  the 
influence  of  the  hydrogen  bond  cnliances  this  effect  in  the  direction  of  weakening  die  ethylenic  bond  (reduction 
in  its  electron  density).  This  weakening  is  linked  widi  an  asymmetry  of  the  electron  cloud  around  die  carbon 
atom  of  the  carbonyl,  leading  to  a  major  unshiclding  of  its  nucleus  and  to  an  enliancement  of  its  effect  on  the 
ethylenic  bond. 
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ISOMERIZATION  OF  o-CARBOXY-  AND 
o-CARBOXY-DIMETHOXYBENZALBARBITURIC  ACIDS 

E,  I,  Chu  khina 

N.  I.  Pirogov  Second  Moscow  State  Medical  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  2,  pp.  662-6G5, 
February,  1960 

Original  article  submitted  February  2,  1959 


From  the  literature  it  is  known  that  certain  derivatives  of  o-aldehydobenzoic  and  opianlc  acids  are  capable 
of  Isomeric  transformations:  tlie  acid  forms  can  change  to  lactone  forms  and,  in  reverse,  the  lactone  forms  can 
change  to  the  acid  forms. 

The  case  of  such  transformations  Is  apparently  linked  with  the  mobility  of  the  o-aldehydo  acid  molecules, 
existing  in  two  tautomeric  forms: 


/V 


CHO 


CHOH 


\/\cooii 

aldehydo  acid  hydroxyphthalide 


The  isomerization  of  derivatives  of  these  acids  has  received  very  little  study  up  to  now,  and,  consequently, 
the  number  of  examples  described  in  the  literature  is  highly  limited.  For  example,  the  isomeric  transformations 
of  the  methyl  [1]  and  tliiomcthyl  [2]  esters  of  opianic  acids  have  been  studied.  However,  the  conditions  under  which 
the  transformations  of  these  two  esters  take  place  proved  to  be  different. 

In  the  present  paper  the  objective  was  to  continue  our  investigation  of  the  isomeric  uansformations  of  deriv¬ 
atives  of  o-aldehydo  acids,  using  as  examples  tlie  recently  obtained  o-carboxy-  and  o-carboxy-dimethoxybenzal- 
barbituric  acids  [3].  It  is  known  that  these  compounds,  easily  obtained  from  the  corresponding  o-aldchydo  acids 
and  barbituric  acid  in  aqueous  medium,  are  the  acid  bcnzal  forms  of  barbituric  acid. 


a: 


CH=G 


^CO-NlK 

CO 


'COOIl 


(I) 


XO— NII^ 

/V  /CH=G  CO 

ll'  \C0-NH^ 

HjCO' 

(11) 


/>^^COOH 


The  preparation  of  phthalidylacetic  acid  by  the  condensation  of  o-aldehydobcnzoic  acid  with  malonic  acid 
in  pyridine  medium  is  described  by  Titlcy  [4]. 

By  analogy  with  this  reaction,  we  ran  the  condensation  of  o-aldehydobenzoic  and  opianic  acids  with  bar¬ 
bituric  acid  in  pyridine.  Here  the  formation  of  the  corresponding  lactone  benzyl  forms  of  barbituric  acid:  phthal- 
idyl-  and  mcconylbarbituric  acid,  could  be  expected. 
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Infrared  absorption  spectra.  1)  o-Carboxybenzalbarbituricacid,  ob¬ 
tained  in  aqueous  medium;  2)  compound  obtained  from  o-aldehydo- 
benzoic  acid  and  barbituric  acid  in  pyridine;  3)  phthalidylbaibituiic 
acid. 


The  obtained  condensation  products —crystalline  solids— dissolved  in  sodium  carbonate  solution  more  readily 
than  did  the  condensation  products  prepared  in  aqueous  medium,  although  the  mixed  melting  points  of  these  com¬ 
pounds  were  not  depressed. 

The  spcctrographic  method*  was  used  to  establish  the  structure  of  the  compound  obtained  from  o-aldehydo- 
benzoic  acid  and  barbituric  acid  in  pyridine.  The  infrared  absorption  spectra  of  the  two  specimens,  obtained  in 
different  media,  indicated  tliat  they  were  completely  identical  (Figs.  1  and  2). 

Further  study  revealed  that  transformation  of  the  acid  benzal  forms  of  barbituric  acid  to  the  lactone  benzyl 
forms  can  be  accomplished  by  heating  tlie  former  in  alcoholic  ammonia  solution,  while  the  reverse  transition  can 
be  accomplislied  by  letting  the  lactone  forms  stand  in  aqueous  acid  solution  (HCl,  1 ;  1)  for  several  hours. 


^CO-NH^ 
CII=C  «';o 

\:0— NH^ 


/CIl_C 

'\^COOH 


c,ii 

IK 


^,CO-NH^ 

— GH  CO 


7)ir  \  / 

in _ I  Y  ^  \C0-N!K 


(I) 


0 
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,C11 


H3CO 

> 

HjCO/ 


V 

y^cooh 


XO-NH>^ 
=C  CO 

^CO— NH^ 


(II) 


(III) 

XO— NH 


^0 


^CO-NH^ 


(IV) 


•  The  infrared  spectra  were  taken  in  the  M.  V.  Lomonosov  Moscow  State  Institute  of  Fine  Chemical  Technology 
using  an  IRS-11  spectrophotometer  and  NaCl  prism. 


The  lactone  forms  of  both  o-aldchydo  acids  failed  to  dissolve  in  sodium  carbonate  solution,  but  contained 
tlic  same  amounts  of  nitrogen,  hydrogen,  and  carbon  as  the  corresponding  aeid  forms.  The  mixed  melting  points 
of  tlic  acid  forms  with  the  lactone  forms  proved  to  be  depressed,  but  when  heated  alone  tlie  lactone  forms  of  both 
o-aldehydo  acids  failed  to  give  sharp  melting  points  because  of  tlic  ease  with  which  they  decomposed. 


The  infrared  spectrum  of  phthalidylbarbituric  acid  (Fig.  3)  differs  from  the  spectra  of  the  o-carboxybcnzal- 

llv  ylla 

barbituric  acids  (Figs.  1  and  2).  It  fails  to  show  tlic  band  characteristic  for  bond,  conjugated 

with  the  double  bond  of  the  benzene  ring  (1625  cm“*);  instead  of  it,  some  new  bands  appear  in  this  region.  The 

band  characteristic  for  thc'^C=  O  group  of  the  phthalide  ring  (1740  cm"*),  found  by  Grove  and  Willis  [5],  is  ill- 

defined  in  tlie  spectrum  (Fig,  3)  because  of  the  influence  exerted  by  die  other  ^C=  O  group  present  in  die  bar¬ 
bituric  acid  molecule. 


The  reaction  of  bromophthalide  with  barbituric  acid  gave  a  compound  diat  had  the  same  properties  as  were 
found  for  die  lactone  form  (III). 


XO-NHv^ 

+  C  CO 


EXPERIMENTAL 

Condensation  of  o-Aldchydobcnzoic  and  Opianic  Acids  with  Barbituric  Acid  in  Pyridine.  The  heating  of 
6,6  g  of  o-aldcliydobenzoic  acid  and  5.7  g  of  barbituric  acid  in  15  ml  of  pyridine  on  the  water  badi  for  8  lu  gave 
12,55  g  of  o-carboxybenzalbarbituric  acid. 

Opianic  acid  was  condensed  with  barbituric  acid  under  the  same  conditions.  From  6.25  g  of  opianic  acid 
and  3.8  g  of  barbituric  acid  we  obtained  9.45  g  of  the  bcnzal  form  of  die  acid,  which  failed  to  depress  the  melt¬ 
ing  point  when  mixed  with  die  o-carboxy-dimethoxybenzalbarbituric  acid  obtained  in  aqueous  medium. 

Isomerization  of  o-Carboxy-  and  o-Carboxy-dimethoxybenzalbarbituric  Acids.  The  heating  of  2  g  of 
o-carboxybenzalbarbituric  acid  in  alcoholic  ammonia  solution  on  the  water  badi  gave  1.7  g  of  phthalidylbarbi¬ 
turic  acid.  The  compound  crystallizes  as  colorless  crystals  from  aqueous  alcohol.  It  darkens  when  heated  to 
245*  and  then  decomposes  on  further  heating,  failing  to  give  a  clear  mass  with  a  meniscus,*  The  compound  is  in¬ 
soluble  in  sodium  carbonate  solution,  is  quite  soluble  when  heated  in  water,  and  is  difficultly  soluble  in  alcohol. 
The  mixed  melting  point  of  the  earlier  obtained  o-carboxybenzalbarbituric  acid  and  the  phthalidylbarbituric  acid 
was  depressed  (10-12*). 

Found  C  55.45;  55.56;  H  3.10,  3.05;  N  10.72,  10.80.  CijHgOjNj.  Calculated  C  55.39;  H  3.08;  N  10.77. 

The  acid  benzal  form  of  the  acid  is  formed  when  0.2  g  of  the  phthalidylbarbituric  acid  was  allowed  to  stand 
in  dilute  HCl  (1 : 1)  for  two  days  at  room  temperature.  Its  mixed  melting  point  with  the  earlier  obtained  o-carboxy¬ 
benzalbarbituric  acid  was  not  depressed. 

*■  The  experiments  on  the  reciprocal  isomerization  of  o-carboxy-dimethoxybenzalbarbituric  acid  and  meconyl- 
barbituric  acid  were  run  under  the  same  conditions  as  in  the  case  of  o-carboxybenzalbarbituric  acid.  Meconyl- 
barbituric  acid  also  fails  to  give  a  sharp  melting  point  (from  aqueous  alcohol).  Tiie  substance  begins  to  darken 
when  heated  to  235*  and  then  it  decomposes  vigorously.*  *  Meconylbarbituric  acid  is  insoluble  in  sodium  carbon¬ 
ate  solution.  The  mixed  melting  point  of  its  acid  benzal  form  and  the  lactone  form  is  depressed  (10-15"). 

Found  ‘Jt:  C  52.35;  52.43;  H  3.70,  3.76;  N  8.68,  8.70.  Ci4lli20,N2.  Calculated  C  52.50;  H  3,75;  N  8.75. 


•  The  substance  was  placed  in  the  melting  point  apparatus  at  235*. 

•  •  The  melting  point  of  the  compound  was  determined  in  an  apparatus  heated  in  advance  to  225*. 
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Preparation  of  Phthalidylbarbituric  Acid  from  Bromophthalidc.  The  heating  of  2  g  of  bromophthalide  and 
2  g  of  barbituric  acid  in  an  alcohol  solution  of  sodium  ethylate  on  the  water  bath  for  5  hr  gave  2.5  g  of  a  com¬ 
pound  insoluble  in  sodium  carbonate  solution.  After  recrystallization  (from  aqueous  alcohol)  the  compound 
failed  to  depress  the  melting  point  when  mixed  with  the  phthalidylbarbituric  acid  obtained  in  the  preceding  ex¬ 
periment. 


SUMMARY 

1.  It  was  found  that  the  condensation  of  o-aldchydobenzoic  and  opianic  acids  with  barbituric  acid  in  py¬ 
ridine  gave,  the  same  as  in  aqueous  medium,  the  acid  benzal  forms  of  the  barbituric  acid. 

2.  It  was  established  that  the  o-carboxy-  and  o-carboxy-dimethoxybenzalbarhituric  acids  show  reciprocal 
isomerization  with  the  phthalidyl-  and  meconylbarbituric  acids.  The  acid  form  when  heated  in  alcoholic  am¬ 
monia  solution  is  converted  to  the  lactone  form,  while  the  latter  in  aqueous  acid  medium  at  room  temperature  ** 
isomcrizes  back  to  the  acid  form. 
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STEREOCHEMICAL  STUDIES 

VII.  SCHIFE  BASES  FROM  OPTICALLY  ACTIVE  a-PHENYLPROPYLAMINE 


V.  M.  Potapov  and  A.  P.  Terent'ev 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  666-670 
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Original  article  submitted  February  28,  1959 

In  previous  communications  [1-3]  we  described  the  preparation  of  Schiff  bases  from  optically  active  amines, 
in  which  one  of  the  substituents  on  the  asymmetric  center  was  always  a  methyl  group.  In  order  to  expand  the  ex¬ 
perimental  material,  it  seemed  of  definite  interest  to  conduct  a  similar  study  with  an  amine  in  wliich  the  methyl 
group  was  replaced  by  some  other  aliphatic  radical.  A  convenient  subject  for  such  a  study  proved  to  be  a-phenyl- 
propylamine  (II),  die  adjacent  homolog  of  a-phenylethylamine  (I)  and  a  structural  isomer  of  the  earlier  described 
a-bcnzylethylamine.  Amine  (II)  is  easily  obtained  as  the  optically  active  form  using  (“-)-malic  acid  [4]  in  alco¬ 
hol  solution.  An  attempt  to  use  (— )-menthyl  sulfate  in  aqueous  solution  for  this  purpose  proved  unsuccessful. 

The  Schiff  bases  were  obtained  from  the  optically  active  amine  (II)  by  the  short  heating  of  an  equimolar 
mixture  of  the  amine  with  the  appropriate  aromatic  aldehyde  in  either  benzene  or  methanol  solution.  As  a  rule 
the  reaction  product  was  purified  by  distillation,  while  die  solid  Schiff  bases  obtained  from  the  optically  active 


TABLE  1 

Molecular  Rotation  Values  of  Schiff  Bases  Irom  (+)-a-Phenylpropylamine  CeHj— 
CHfCjiy-N  =CH-X 
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TABLE  3 

Experimental  Data  on  Determination  of  Optical  Rotation  of  Schiff  Bases  from  a-Phenylpropylamine  (tube  length  2  dm) 
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Tube  length  0.5  dm, 
•  Tube  length  1  dm. 


amine  were  purified  by  recrystallization.  The  data  on  the  optical  activity  of  the  obtained  Schiff  bases  (molecular 
rotation  calculated  on  the  basis  of  the  optically  pure  (+)-a-phenylpropylaminc,  are  given  in  Table  1, 

while  tlie  otlier  constants  of  the  obtained  Schiff  bases  are  given  in  Table  2. 

As  could  be  expected,  substituents  in  the  aldehyde  nucleus  exert  the  same  influence  on  the  rotation  of  the 
Schiff  bases  from  a-phenylpropylamine  (11)  as  in  the  a-phenylethylamine  (I)  series.  In  addition,  an  almost  quan¬ 
titative  coinciding  of  tlie  molecular  rotation  values  is  observed  for  most  of  the  compounds  obtained  from  (II)  and 
(I).  The  Schiff  bases,  containing  cither  a  nitro  or  a  methoxy  group  in  the  o-position,  again  occupy  a  special  posi¬ 
tion  in  this  respect;  in  these  cases  the  difference  in  the  [M]d  values  of  the  corresponding  Schiff  bases  from  (II) 
and  (I)  is  substantially  greater  than  for  the  other  pairs.  Consequently,  as  had  already  been  observed  earlier  in 
other  respects,  also  in  this  respect  the  mentioned o-compounds  again  manifest  an  abnormal  behavior. 

Having  a  much  more  accurate  polarimetcr  at  our  disposal  than  earlier,  we  measured  the  rotation  of  the  ob¬ 
tained  Schiff  bases  as  a  function  of  the  temperature.  In  all  cases  the  rotation  decreases  with  increase  in  the  tem¬ 
perature.  The  obtained  preliminary  results  indicate  that  raising  the  temperature  60*  (from  20  to  80*)  causes  the 
[M]|)  of  the  compounds  in  the  p-series  to  decrease,  as  a  rule,  by  8-12*  in  heptane  solution  and  by  15-20*  in  py¬ 
ridine  solution.  For  compounds  having  either  the  NO2  or  the  OH  group  in  the  o-position  this  decrease  is  consider¬ 
ably  greater  (it  reaches  50-60*), 

An  explanation  for  this  difference  can  be  based  on  the  same  operating  hypothesis  that  we  used  earlier  to  ex¬ 
plain  the  peculiarities  of  o-compounds.  Thus,  for  example,  a  large  decrease  in  the  rotation  value  of  the  salicyUl 
derivative  with  increase  in  the  temperature  indicates  that  possibly  the  hydrogen  bond— 0~H.  ,  .N  =  CH  weakens 
because  of  the  heat  energy,  the  system  becomes  less  "stiff",  and  the  (  — )-rotation  decreases,  i.e.,  it  shifts  toward 
(+)-rotation,  characteristic  for  the  o-methoxy  derivative.  It  is  clear  from  this  point  of  view  that  pyridine,  reacting 
witlr  the  OH  group,  causes  an  even  greater  disruption  of  the  hydrogen  bond  and  in  that  way  a  decrease  in  the  rotation. 

EXPERIMENTAL 

q-Phenylpropylamine  was  obtained  from  propiophenone  by  the  Leuckart  reductive  amination  technique. 

The  resolution  was  run  with  (-)-malic  acid  in  alcohol,  as  described  in  the  literature  [4],  The  obtained  amine 
had  [»][)**  +  20.2“  (without  solvent),  which  agrees  with  tJie  literature.  Besides  this  optically  pure  (+)-amine,  to 
obtain  some  of  the  Schiff  bases  we  also  used  the  (  — )-amine,  having  10.3*  (optical  purity  51<fo). 

Benzal-(— )-a-phenylpropylamine.  A  mixture  of  7.75  g  of  (  — )-a-phenylpropylamine  (optical  purity  51f^), 

6.1  g  of  benzaldehyde,  and  30  ml  of  benzene  was  heated  for  1  hr  on  the  water  bath,  after  which  the  reaction 
product  was  vacuum-distilled.  The  yield  was  9.7  g 

M.p.  173-174*  (11  mm);  1.006,  n^D  1.5800,  MR^  73.7;  calculated  71.9. 

Found  <^o:  C  85.71,  85.77;  H  7.73,  7.87;  N  6.24,  6.18.  CigHnN.  Calculated  C  86.06;  H  7.68;  N  6.23. 

The  other  Schiff  bases  were  obtained  in  a  similar  manner.  The  yields,  constants,  and  analysis  data  are 
given  in  Table  2.  Instead  of  benzene,  we  used  methanol  as  the  solvent  in  the  preparation  of  the  last  three  com¬ 
pounds  (Nos.  9-11).  Compounds  No.  6,  9,  and  11  were  purified  by  recrystallization,  while  the  other  compounds 
were  purified  by  vacuum -distillation. 

The  optical  rotation  measurements  were  made  with  a  Hilger  polarimeter  having  a  scale  graduation  of 
0.01*.  Tlie  difference  between  parallel  readings  did  not  exceed  0.02-0.03*.  Consequently,  the  accuracy  of  the 
given  rotation  values  is  approximately  l<7o.  The  experimental  data  on  determining  the  optical  activity  (tlie  angle 
of  rotation  «  was  read  in  degrees  and  the  concentration  c  was  expressed  in  grams  per  100  ml  of  solvent)  arc  given 
in  Table  3,  and  tliis  information  was  used  to  calculate  the  molecular  rotation  values  given  in  Table  1.  In  all 
cases  the  tube  length,  unless  noted  otherwise,  was  2  dm.  The  dependence  of  the  molecular  rotation  on  the  tem¬ 
perature  was  measured  in  polarimciric  tubes  fitted  with  a  water  jacket,  througli  which  water  was  circulated  from 
a  thermostat.  Detailed  data  on  the  temperature  dependence  will  be  published  later. 

SUMMARY 

A  series  of  Schiff  bases  were  prepared  from  optically  active  a-phenylpropylamine,  and  their  optical  activ¬ 
ity  was  studied.  The  obtained  results  arc  found  to  be  in  agreement  with  the  operating  hypothesis  on  the  effect  of 
reversible  isomerism  on  the  magnitude  of  rotation. 
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According  to  the  literature,  up  to  now  alkaloid-bearing  members  have  not  been  found  among  plants  of  the 
sandalwood  family.  For  this  reason  the  results  of  our  investigation  of  the  grassy  and  semiparasitic  plant.  Thesium 
minkwitzianum,  belonging  to  this  family  and  collected  by  R.  S.  Massagetov  in  the  Turkmen  SSR  in  1939,  could 
be  of  interest. 

When  the  above  ground  portion  of  the  plant,  collected  in  the  flowering  stage,  was  extracted  with  dichloro- 
ethane  the  total  amount  of  alkaloids  isolated  was  0.7‘yo  (on  the  dry  weight  of  the  plant),  the  main  portion  of  which 
(0.5<7o)  was  a  saturated  phenolic  base  C34H42O5N2  with  m.p.  254-256*,  which  was  characterized  as  the  picrate  with 
m.p.  224-226*  (decompn.),  the  sulfate  with  m.p.  244-246*,  and  the  dimetliiodide  with  m.p.  140-150*.  This  base, 
differing  from  all  previously  described  alkaloids,  we  named  tliesine. 

The  total  alkaloids,  remaining  in  the  aqueous  solution  after  removal  of  the  thesine  (0.2%  on  the  weight  of 
plant),  were  separated  into  phenolic  and  nonphenolic  fractions.  From  the  phenolic  fraction  we  isolated  a  second 
new  alkaloid  witli  m.p.  38-40*,  which  we  named  thesinine;  the  results  of  its  elemental  analysis  came  closest  to 
the  empirical  formula  Ci7M2i03N.  •  From  the  nonphenolic  fraction  we  isolated  a  small  amount  of  a  third  new 
alkaloid,  thesinicine,  with  m.p.  124-125*,  having,  based  on  preliminary  data,  the  empirical  formula  CjoHuOjN, 
and  characterized  as  the  picrate  with  m.p.  158-159*  (decompn.)  and  the  hydrochloride  with  m.p.  197-199*.  In 
a  similar  manner  we  investigated  the  above  ground  portion  of  the  plant,  collected  in  tlie  dormant  stage;  here  the 
total  alkaloids  were  only  0.34%  on  the  weight  of  dry  plant,  and  from  it  we  were  able  to  isolate  only  thesine  (0.24%); 
thesinine  and  thesinicine  could  not  be  found. 

From  the  roots  of  the  plant,  collected  in  the  dormant  stage,  we  isolated  by  water  extraction  a  crystalline 
base,  CgllisON,  with  m.p.  39-40*  and  faf°D  +  75.9®,  characterized  as  the  picrate  and  as  die  picrolonate.  From 
the  alkaline  aqueous  solution,  after  removal  of  the  base,  we  isolated  succinic  acid  and  an  optically  inactive 
liquid  acid  with  the  composition  C4Hg04;  from  the  water  extracts  of  the  plant  roots  we  also  isolated  substantial 
amounts  (up  to  4%  on  the  weight  of  dry  roots)  of  D-mannitol. 

Thesine  is  an  ester  and  on  hydrolysis  is  decomposed  to  yield  two  molecules  of  a  base  CgHjsON  (identical 
with  the  base  isolated  from  the  plant  roots)  and  a  molecule  of  dibasic  acid  CigHigOg  •  • ,  not  melting  up  to  360*, 

•  Purification  of  the  thesinine  was  made  difficult  because  we  were  unable  to  prepare  any  crystalline  salts  from  it; 
confirmation  of  the  validity  of  the  empirical  formula  adopted  for  thesinine  was  obtained  after  we  had  hydrolyzed 
the  compound  (sec  below). 

•  •  Adoption  of  this  empirical  formula  for  thesinic  acid  was  based  on  the  molecular  weight  determination  of  its 
tetramethyl  ester  (see  our  next  communication). 
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which  we  named  thesinic  acid;  based  on  the  results  of  titrating  with  diazotized  p-nitroaniline  solution,  thcsinic 
acid  contains  two  phenolic  hydroxyls.  Thesinine  is  also  an  ester,  and  it  hydrolyzes  to  give  die  same  base  CgHigON 
and  p-hydroxycinnamic  acid.  The  base,  isolated  from  the  plant  roots  or  obtained  in  the  hydrolysis  of  thesine  (or 
of  thesinine),  contains  a  tertiary  nitrogen  atom  and  a  hydroxyl  group.  The  properties  of  this  amino  alcohol  and 
its  derivatives,  except  for  having  the  opposite  sign  of  the  specific  rotation,  coincided  with  tlie  properties  of  L- 
Isorctronecanol,  and  it  is  possible  to  assume  that  diis  alcohol  is  D-isoretronccanol.  To  confirm  tins,  we  took  re- 
tronccine  and  converted  it  to  L-isoretroiiccanol  [1,  2),  after  wliich  we  prepared  mixtures  of  it  (and  its  derivatives) 
with  equal  amounts  of  the  amino  alcoliol  (and  its  derivatives).  The  mixtures  had  die  properties  of  racemates  in 
that  ilicy  lacked  optical  activity  and  had  die  same  and  in  some  cases  even  a  higher  melting  point  than  die  start¬ 
ing  components. 

These  data  show,  that  the  amino  alcohol  isolated  by  us  is  D-isorctronecanol,  At  the  same  time  and  inde¬ 
pendently  of  us  it  was  shown  by  A.  S.  Labenskii  and  G.  P.  Men'shikov  [3]  that  tlic  same  amino  alcohol  is  present 
as  the  ester  of  trachelanthic  acid  in  the  alkaloid  lindelofine,  isolated  from  the  plant  Lindelofia  anchusoides,  be¬ 
longing  to  the  borage  family. 


EXPERIMENTAL 

Study  of  Above-Ground  Portion s  of  the  Plant,  Collected  in  the  Flowering  Stage 

Isolation  of  Thesine.  Two  kilograms  of  air-dried  plant  was  wetted  with  aqueous  ammonia  solution  and 
then  extracted  exhaustively  with  dichlorocthane.  The  dichloroethane  solution  was  extracted  with  10%  sulfuric 
acid  solution,  the  obtained  extract  solution  was  txcated  with  carbon,  and  then  with  cooling  it  was  made  alkaline 
with  25%  ammonia  solution.  The  obtained  precipitate  was  filtered  and  washed  with  water.  The  crude  thesine 
(11  g)  was  extracted  3  times  witli  boiling  acetone  (50  ml  portions).  We  obtained  10  g  (0.5%  on  weight  of  plant) 
of  thesine  with  m.p.  242-244".  Two  rccrystallizations  from  alcohol  (1 ;  350)  gave  tlie  thesine  as  fine  crystals  with 
m.p.  254-25G".  Thesine  is  very  difficultly  soluble  in  organic  solvents,  is  insoluble  in  water,  and  dissolves  in  acids. 
The  freshly  precipitated  base  is  soluble  in  caustic  alkalies;  it  fails  to  add  liydrogcn  in  the  presence  of  cither  pla¬ 
tinum  or  palladium  on  carbon. 

Found  %:  C  70.81,  70.64;  H  7.29,  7.04;  N  5.04,  4.94.  Calculated  %:  C  71.02;  H  7.36;  N  4.87. 

Thesine  Sulfate.  A  mixture  of  1  g  of  thesine  and  5  ml  of  water  was  cautiously  nreated  with  10%  sulfuric 
acid  solution  until  all  of  the  precipitate  had  dissolved.  The  solution  was  treated  with  carbon,  filtered,  and  the 
filtrate  was  treated  with  acetone  until  cloudiness  appeared.  The  thesine  sulfate  that  separated  on  standing  was 
filtered,  washed  with  a  mixture  of  acetone  and  water,  and  recrystallizcd  twice  from  water.  Thesine  sulfate  is 
readily  soluble  in  water,  and  contains  water  of  crystallization. 

Found  %:  HjO  9.43.  CjjUjjOeNg-  H2SO4  *41120.  Calculated  %:  HjO  9.67. 


After  drying  at  130*  in  a  vacuum-oven  the  thesine  sulfate  had  m.p.  244-246*  and  [a]*®D  +  33.4*  (c  1,6; 
water). 

Found  *^01  S  4.59,  4,57,  C3|Flj205N2*  H2S0^,  Calculated  S  4,76, 

Thesine  Picrate,  Thesine  picrate  was  obtained  by  mixing  water  solutions  of  thesine  sulfate  and  picric  acid. 
The  compound  crystallized  from  hot  alcohol  as  very  fine  yellow  crystals  with  m.p.  224-226*  (decompn.). 

Found  N  11.01,  11.02.  C34Hj206N2*  2C6H2(N02)30H.  Calculated  N  10.86. 

Thesine  Dimethiodide.  A  mixture  of  1  g  of  thesine,  15  ml  of  metlianol,  and  1.5  g  of  methyl  iodide  was 
heated  under  reflux  for  1  hr.  After  evaporation  of  the  solvent  the  residue  was  dissolved  in  water,  the  solution  was 
decolorized  with  carbon,  and  the  filtered  solution  was  evaporated  in  a  vacuum-desiccator.  The  compound  is 
soluble  in  alcohol,  readily  soluble  in  water,  and  difficultly  soluble  in  ether,  chloroform,  and  other  solvents,  M.p, 
140-150*;  [af°D  +  33.24*  (c  2.2;  water). 

Found  <7o:  1  29.76.  C34H4206  N2‘ 2CH3I.  Calculated  1  29.57. 

Isolation  of  Thesinicine,  The  alkaline  filtrate  after  removal  of  the  thesine  was  extracted  with  chloroform, 
and  the  chloroform  extract  was  evaporated.  The  residual  thick  brown  oil  was  combined  with  the  residue  from  the 
evaporation  of  the  acetone  filtrate  obtained  in  extracting  the  crude  thesine  (see  above).  The  obtained  mixture 
of  bases  (4.0  g)  was  dissolved  in  hydrochloric  acid  solution,  the  solution  was  washed  with  ether,  and  then  it 
was  made  alkaline  with  10%  NaOH  solution.  The  insoluble  nonphenolic  bases  were  extracted  with  ether.  The 
ether  solution  was  dried  over  magnesium  sulfate  and  the  etlier  was  distilled.  The  residue  was  dissolved  in  5  ml 
of  anhydrous  alcohol  and  the  solution  was  allowed  to  stand  in  the  cold  (5*)  for  15  days.  The  obtained  crystals  of 
alkaloid  were  filtered,  washed  witli  alcohol,  then  with  ether,  and  dried.  We  obtained  0.6  g  of  substance  with 
m.p.  123.5-124*.  Two  recrystallizations  from  anhydrous  alcohol  gave  0,4  g  of  diesinicine  with  m.p.  124-125*. 
Thesinicine  is  readily  soluble  in  chloroform,  difficultly  soluble  in  alcohol  and  ether,  and  very  difficultly  soluble 
in  water. 

Found  %:  C  67.21,  67.23;  H  6.43,  6.45;  N  8.08,  7.93,  OH  9.05.  CjoH|i02N.  Calculated  %:  C  67.80,  H  6.21; 

N  7.90;  OH  9.60. 

Thesinicine  Hydrochloride.  The  free  base  (0.1  g)  was  dissolved  with  heating  in  5  ml  of  anliydrous  alcohol 
and  the  obtained  solution  was  treated  with  alcoholic  solution  of  hydrogen  chloride.  The  obtained  precipitate 
was  filtered  and  washed  with  alcohol,  and  then  with  ether.  We  obtained  0.09  g  of  thesinicine  hydrochloride  with 
m.p.  194-196".  Two  recrystallizaiions  of  the  hydrochloride  from  anhydrous  alcohol  raised  the  melting  point  to 
197-199*.  The  hydrochloride  is  readily  soluble  in  water,  difficultly  soluble  in  alcohol,  and  very  difficultly  soluble 
in  acetone  and  etherj 

Found  %:  Cl  17.12.  CioHuOjN  •  HCl.  Calculated  %:  Cl  16,55. 

The  free  alkaloid  with  m.p.  124-125*  is  obtained  when  the  aqueous  solutions  are  made  alkaline. 

Thesinicine  Picrate.  The  compound  was  obtained  by  mixing  water  solutions  of  the  alkaloid  hydrochloride 
and  picric  acid.  The  picrate  after  recrystallization  from  alcohol  had  m.p.  158-159*  (decompn.). 

Found  %:  C  47.13,  46.85;  H  3.92,  4,05;  N  13.91,  13.58.  CioHii02N  •C6H2(N02)30H.  Calculated  %:  C  47.24; 

H  3.47;  N  13.79. 

Isolation  of  Thesinine.  The  alkaline  solution  after  extracting  the  nonphenolic  bases  with  ether  (see  above) 
was  acidified  until  acid  to  Congo,  then  it  was  made  alkaline  wiilr  25%  ammonia  solution,  and  finally,  it  was  ex¬ 
tracted  with  etliyl  acetate;  removal  of  the  ethyl  acetate  from  the  extract  by  distillation  gave  a  residue  of  2.2  g 
of  phenolic  bases.  These  bases  were  purified  by  dissolving  in  acetone  4  times  and  then  precipitating  with  ether. 
This  gave  the  thesinine  as  a  thick  viscous  mass,  which  on  standing  in  the  vacuum-desiccator  changed  to  an  amor¬ 
phous  yellow  powder  with  m.p.  38-40".  Thesinine  is  readily  soluble  in  alcohol,  chloroform,  and  acetone,  difficult¬ 
ly  soluble  in  ether,  and  very  difficultly  soluble  in  water. 

Found  %:  C  68.16,  67.84;  H  7.31,  7.57;  N  5.06.  C17H21O3N.  Calculated  %:  C  71.02;  H  7.36;  N  4.81 

Study  of  Above-Ground  Portions  of  the  Plant,  Collected  in  the  Dormant  Stage 

Using  tlie  same  method  of  operation  as  described  above,  we  obtained  from  10  kg  of  air-dried  plant,  col¬ 
lected  in  the  dormant  stage,  24  g  of  thesine  and  10  g  of  a  mixture  of  bases,  from  which  we  were  unable  to  isolate 
either  thesinicine  or  thesinine,  or  any  other  pure  compound. 
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Study  of  Roots  of  the  Plant 

Isolation  of  Free  Pascs.  After  grinding,  3.4  kg  of  the  roots,  collected  in  the  dormant  stage  of  the  plant,  was 
extracted  with  water  until  all  of  the  alkaloids  had  been  removed.  The  extract  was  evaporated  in  vacuo  at  20-30* 
to  tlic  consistency  of  a  thick  sirup;  the  obtained  scmicrystallinc  mass  was  treated  witli  1200  ml  of  alcohol,  and  the 
obtained  crystals  were  filtered  and  washed  with  alcohol.  We  obtained  150  g  of  crystalline,  substance  with  m.p. 

16G*  (from  alcohol),  based  on  the  analysis  results,  having  the.  composition  Cglli.iOg.  The  substance  failed  to  de¬ 
press  tlie  melting  point  when  mixed  with  D-mannitol.  From  the  literature  [4],  D-mannitol  has  m.p.  166*. 

The  alcohol  solution  after  removal  of  the  D-mannitol  was  evaporated  in  vacuo  at  20-30*  to  the  consistency 
of  a  thick  sirup,  whicli  was  cooled  to  0*,  made  alkaline  with  40*70  NaOH  solution,  and  then  extracted  exhaustively 
with  ether.  Removal  of  the  ether  left  6.9  g  of  free  base  as  a  slightly  colored,  thick,  oily  substance,  readily  soluble 
in  water,  alcohol,  and  chloroform,  and  difficultly  soluble  in  ctJicr,  Fractional  distillation  of  the  substance  in 
vacuo  gave  5.7  g  of  a  colorless,  tliick  rapidly  crystallizing  liquid  with  b.p.  122-123*  (5  mm)  After  washing  witli 
petroleum  ether  the  free  base  had  m.p.  39-40*,  and  [a/°D  +  75.9*  (c  3.7;  alcohol). 

The  picraie  was  obtained  by  mixing  alcohol  solutions  of  the  free  base  and  picric  acid.  After  recrystalliza¬ 
tion  from  alcohol  the  picrate  had  m.p.  192-193*. 

Isolation  of  Acids.  The  alkaline  solution  after  removal  of  tlie  free  bases  was  neutralized  with  hydrochloric 
acid,  and  then  it  was  evaporated  in  vacuo  to  the  consistency  of  a  thick  sirup.  After  digesting  with  alcohol,  the 
inorganic  salts  were  filtered  and  waslicd  with  alcohol.  The  alcohol  solution  was  evaporated,  the  residue  was  acid¬ 
ified  with  hydrochloric  acid,  and  the  obtained  solution  was  extracted  with  ether  (10  times  with  200  ml  portions). 
The  crystals  obtained  after  evaporation  of  tlie  ether  were  filtered  and  washed  with  ether.  We  obtained  1.2  g  of  an 
acid  with  m.p.  186-187“  (from  water),  having,  based  on  the  analysis  results,  the  composition  C4II6O4,  and  not  de¬ 
pressing  the  melting  point  when  mixed  witJi  authentic  succinic  acid.  The  etlicr  solution  after  removal  of  the  suc¬ 
cinic  acid  was  evaporated.  The  residual  thick  mass  was  fractionally  distilled  in  vacuo.  We  obtained  2.6  g  of  a 
liquid  acid  witli  b.p.  102*  (5  mm).  This  acid  is  readily  soluble  in  water,  sodium  bicarbonate  solution,  alcohol, 
and  otlier  organic  solvents.  It  is  optically  inactive. 

Found  To:  C  39.84,  39.60;  M  6.79,  6.72.  M  112.2  (cryoscopically  in  water).  C4HO4  .  Calculated  ojo:  C  40.00; 
H  6.66.  M  120. 

Hydrolytic  Cleavage  of  Thesine 

Isolation  of  Thcsinic  Acid.  A  mixture  of  10  g  of  thesine  and  100  ml  of  1  N  NaOH  solution  was  refluxed  for 
30  min,  treated  with  carbon,  and  again  refluxed  for  10  minutes;  die  solution  was  filtered  and  the  filtrate  was  acid¬ 
ified  with  107o  hydrochloric  acid  solution.  The  diesinic  acid,  separating  as  a  finely  crystalline  precipitate,  was 
filtered,  and  was  purified  through  the  sodium  salt,  by  a  2-fold  reprecipitation  of  the  hot  aqueous  solution  of  the 
salt  with  hydrochloric  acid.  We  obtained  4.9  g  of  the  acid,  failing  to  melt  up  to  360*  to  remove  the  colored  im¬ 
purities  the  acid  was  extracted  with  alcohol,  and  then  with  ether.  Thesinic  acid  is  a  finely  crystalline  powder, 
very  difficultly  soluble  in  water  and  in  organic  solvents;  based  on  titration  with  alkali  the  compound  is  a  dibasic 
acid. 


Found  <70:  C  65.29,  65.32;  H  4.98,  5.05.  M  332.8.  CigHigOg.  Calculated  7o:  C  65.84;  H  4.91.  M  328.2. 

Thesinic  acid  in  alkaline  solution  couples  readily  widi  diazotized  p-nitroaniline  solution  to  give  a  cherry- 
red  solution. 

^  Found:  0.1030  g  of  acid  requires  17.6  ml  of  0.025  N  diazotized  p-niuoaniline  solution. 

Calculated:  7.85  ml  of  diazotized  p-nitroaniline  solution  is  required  for  one  phenolic  hydroxyl,  and  15.7  ml 
is  required  for  two  phenolic  hydroxyls. 

Isolation  of  D-isorctronecanol.  The  filtrate  after  removal  of  tlte  thesinic  acid  was  treated  with  107o  NaOH 
solution  until  weakly  acid  to  litmus,  tlicn  the  solution  was  evaporated  in  vacuo  to  the  consistency  of  a  thick  sirup, 
and  the  latter  was  made  alkaline  with  407o  NaOH  solution,  followed  by  repeated  extraction  with  ether.  The  re¬ 
sidue  after  removal  of  the  solvent  (4  g)  was  vacuum-distilled.  We  obtained  3.5  g  of  colorless  viscous  liquid  with 
b.p.  116-117*  (2  mm),  which  rapidly  crystallized  on  cooling. 
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M.p.  30-40*,  [a]*®D  +  77.5*  (c  2.5;  methanol).  The  compound  is  readily  soluble  in  water,  alcohol,  chloro¬ 
form,  and  acetone,  and  difficultly  soluble  in  ether  and  petroleum  ether. 

Found  C  67.93,  67.87;  H  10.49,  10.63;  N  10.15,  10.32;  OH  11.10.  CgHijON.  Calculated  afo:  C  68.04; 

H  10.71;  N  9.92;  OH  12.07. 

D-lsoretronecanol  Methiodide.  To  a  solution  of  0.9  g  of  D-isorctronecanol  in  5  ml  of  methanol  was  gradu¬ 
ally  added  1  g  of  mcdiyl  iodide,  after  which  the  solution  was  heated  on  the  water  bath  for  30  min,  followed  by 
distilling  off  most  of  the  methanol,  and  then  acetone  was  added  to  the  residue  to  the  start  of  crystallizatioii. 

Two  recrystallizations  from  alcohol  gave  1.3  g  of  colorless  crystals  with  m.p.  285-286*  (decompn.). 

Found  1  44.77.  CgHijON  •CH3I.  Calculated  I  44.82. 

D-Isoretronccanol  Picraie.  The  compound  was  obtained  by  mixing  alcohol  solutions  of  the  two  components. 
M.p.  192-193*  (from  alcohol).  The  picrate  failed  to  depress  the  melting  point  when  mixed  with  the  picrate  of  the 
amino  alcohol  isolated  from  the  plant  roots. 

Found  N  14.96,  15.14.  CgHi50N*CeH2(N02),0H.  Calculated  %:  N  15.12. 

D-lsoretronccanol  Picrolonatc.  This  compound  was  obtained  by  allowing  a  mixture  of  alcohol  solutions  of 
the  free  base  and  picrolonic  acid  to  stand  for  a  long  time.  After  recrystallization  from  alcohol  the  picrolonate 
had  m.p.  183-184*. 

Found  N  17.42,  17.39.  C8Hi50N«C,oHg05N4.  Calculated  ojox  17.21 

Preparation  of  Benzoyl  Derivative  of  D-lsoretronecanol 

To  a  solution  of  1.2  g  of  D-isoretronecanol  in  15  ml  of  dry  chloroform  was  slowly  added,  with  cooling, 

2.1  g  of  benzoyl  chloride;  then  the  mixture  was  heated  under  reflux  for  1  hr,  the  solvent  was  distilled  off,  and  the 
residue  was  made  alkaline  and  then  extracted  with  ether;  after  removal  of  the  ether  the  benzoyl  derivative  was  • 
vacuum-distilled.  Yield  1.2  g;  b.p.  148-149*  (2  mm);  m.p.  55-56*  (from  petroleum  ether);  [af®D  +  59.7*  (c  2; 
ethanol).  The  benzoyl  derivative  of  D-isoretronecanol  is  readily  soluble  in  ether,  alcohol,  and  chloroform,  and 
very  difficultly  soluble  in  water. 

Found  <7o:  C  73.42,  73.61;  H  7.79,  7.64.  CisHjgOjN.  Calculated  <^0:  C  73.44;  H  7.81. 

Methiodide.  M.p.  167.5*  (from  alcohol).  Readily  soluble  in  water,  difficultly  soluble  in  alcohol,  and  very 
difficultly  soluble  in  acetone  and  ether. 

Found  I  32.69.  CijHigOzN  •CH3I.  Calculated  %:  I  32.77. 

Picrate.  M.p.  130-131*  (from  alcohol). 

Found  ^0:  N  12.36.  12.27.  Ci5Hi902N*C6H2(N02)30H.  Calculated  %:  N  11.8L 
Hydrolytic  Cleavage  of  Thesinine 

A  solution  of  1.6  g  of  thesinine  in  16  ml  of  1  N  NaOH  solution  was  refluxed  for  30  min,  treated  with  carbon, 
and  filtered.  The  acid  that  separated  on  acidifying  the  alkaline  solution  was  extracted  with  ether;  we  obtained 
0.6  g  of  the  acid,  which  after  recrystallization  from  water  had  m.p.  207-208*, and  failed  to  depress  the  melting 
point  when  mixed  with  authentic  p- hydroxy  cinnamic  acid. 

The  free  base  was  isolated  in  the  same  manner  as  in  the  hydrolysis  of  thesine  (see  above);  we  obtained 
0.8  g  of  the  amino  alcohol,  which  in  its  properties  and  analysis  results  was  completely  identical  with  the  amino 
alcohol  isolated  from  tJie  hydrolysis  of  thesine. 

Preparation  of  Racemic  Benzoylisoretronecanol 

A  mixture  of  0.5  g  of  the  benzoyl  derivative  of  die  amino  alcohol  (obtained  by  the  benzoylation  of  the 
amino  alcohol  isolated  from  thesine,  and  having  m.p.  55-56*  and  [af^D  +  59.7*)  and  0.5  g  of  the  benzoyl  deriv¬ 
ative  of  D-isoretronccanol  [2]  (m.p.  55-56*.  [a]^°D— 57.9*)  was  dissolved  in  15  ml  of  mcdiyl  alcohol.  The  ob¬ 
tained  alcohol  solution  failed  to  rotate  the  plane  of  polarization.  After  evaporation  of  the  methanol  in  vacuo, 
the  substance  had  m.p.  38*  (from  petroleum  ether). 
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Plcratc,  M.p.  149-150®  (from  alcohol). 
Mctliiodidc.  M.p.  167.5*  (from  alcohol). 


Preparation  of  Racemic  Isoretronecanol 

The  racemate  of  benzoyl  isoretronecanol  (1  g)  was  subjected  to  alkaline  hydrolysis,  using  the  same  condi¬ 
tions  as  for  the  hydrolysis  of  thesinine  (sec  above)  .  The  ether  solution  of  the  free  base,  after  removal  of  tlie  sol¬ 
vent,  was  vacuum -distilled;  b.p.  118-119"  (3  mm).  The  racemic  isoretronecanol  could  not  be  converted  to  a 
crystalline  compound  even  after  long  standing  in  the  cold.  An  alcohol  solution  of  the  isoretronecanol  failed  to 
rotate  the  plane  of  polarization. 

Picratc.  M.p.  192-193"  (from  alcohol). 

SUMMARY 

1.  Three  new  alkaloids— tlicsincC34U4205N2,ilicsinineCi7U2i03N,  and  thcsinicinc  CiQHii02N  were  isolated 
from  tlic  above-ground  portions  of  the  plant  Thesium  minkwitzianum. 

2.  Prom  tile  roots  of  the  plant  we  isolated  the  base  CgHjsON,  identified  as  being  D-isorctronecanol,  and 
also  D-mannitol,  succinic  acid,  and  a  €411304  acid. 

3.  Thesine  is  the  ester  of  a  dibasic  acid  CjgHjgOe  (thesinic  acid)  and  D- isoretronecanol;  thesinine  is  the 
ester  of  p-hydroxycinnamic  acid  and  D-isorctionccanol. 
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In  an  earlier  paper  [1]  we  reported  on  the  isolation  of  the  three  alkaloids  lolinidine  (I),  loline  (II),  and 
lolinide  (III)  from  the  seeds  of  the  rye  grass  Lolium  cuneatum  Nevski  (family  Gramineae)  by  fractional  distilla¬ 
tion  in  vacuo. 


New  experimental  data  indicate  that  one  nitrogen  atom  in  the  lolinine  molecules  is  found  between  two 
condensed  rings.  In  the  case  of  loline  tlie  second  nitrogen  atom  is  found  in  the  side  chain  as  a  secondary  N-methyl 
group.  In  the  lolinine  molecule  the  second  nitrogen  is  also  found  in  the  side  chain  as  the  N-methyl-acetyl  group. 


C7ll,oO(>N-)^-N/^"^j 


(ID 


C,MioO(>N-) 


\  ^COCHs/ 
(III) 


Both  loline  and  lolinine  have  the  same  basic  heterocyclic  skeleton,  which  was  shown  by  the  mutual  trans¬ 
formations  of  these  two  free  bases  into  each  other  (1). 

Further  investigation  revealed  that  the  undistillable  portion  (45*70)  of  the  mixed  alkaloids  is  converted  com¬ 
pletely  to  a  tar  [1). 

In  addition,  it  was  found  that  dichloroethane  condenses  with  unusual  ease  with  alkaloids*  having  a  primary 
and  a  secondary  nitrogen  atom  in  the  molecule,  forming  two  types  of  compounds.  In  the  first  case  one  chlorine 
atom  in  the  dichloroethane  is  replaced  by  one  molecule  of  the  alkaloid  and  a  compound  of  type  (IV)  is  formed, 
while  in  the  second  case  two  of  the  chlorine  atoms  are  replaced  by  two  molecules  of  the  alkaloid  with  the  forma¬ 
tion  of  a  condensation  product  of  the  (V)  type. 


I  /CIIj-CHo— Cl 

I  ^C1 
H 

(IV) 


i  ^ClIa-CHjv^ 


—  n/ 


'^Cl 


Cl/l’ 
H 


(V) 


Dichloroethane  can  also  react  with  strong  tertiary  bases  to  form  monomolecular  (VI)  and  bimolecular  (VII) 
compounds. 


•  The  condensation  of  alkaloids  with  dichloroethane  was  first  observed  in  our  laboratory  [2].  After  we  had  elucid¬ 
ated  the  mechanism  of  this  reaction  the  structure  of  the  earlier  discovered  "alkaloids"  — salsamine  [3,4]  and  con- 
volvidine  [5,  6]  — alsobecame  clear;  these  proved  to  be  tlie  condensation  products  of  salsolinc  and  convolvine 
with  dichloroethane. 
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I  Xlla-Cllj-CI 

Y<c. 


I  x:i 

(VI) 


/CII2-CII2.  I 
-NC  >N- 

I  \CI  CK  I 
(Vli) 


The  yield  of  (IV),  (V),  (VI).  and  (VII)  depends  on  both  the  reaction  time  and  temperature.  A  crystalline 
compound,  named  lolincchlorocthane,  of  type  (IV)  or  (VI),  deposits  when  dichloroctltanc  is  reacted  with  loline 
(11)  at  room  temperature  for  a  day. 


Taking  into  consideration  the  above  discussed  properties  of  diclilorocthanc,  our  further  work  on  the  extrac¬ 
tion  of  tl»c  alkaloids  from  the  seeds  of  L.  cuncatum  was  done  using  citloroform  in  a  continuous  extractor,  and  we 
also  worked  out  mild  conditions  for  separating  the  mixed  alkaloids.  Here  we  separated  the  total  alkaloids  into 
two  portions:  acetone-soluble  portion  and  acetone- insoluble  portion. 


f'rom  the  acetone-soluble  portion  of  the  mixture  we  prepared  the  dihydrochloride,  dipcrchlorate,  and  di- 
hydrobromidc  of  loline,  and  also  the  hydrobtomidc  and  perchlorate  of  lolininc. 

From  the  acetone-insoluble  portion  of  the  mixture  wc  prepared  the  dihydrobromide  and  diperchlorate  of 
loline. 


From  the  mother  liquors  of  both  fractions  of  mixed  alkaloids  wc  isolated  tlic  dipcrchlorate  of  a  new  alka-* 
loid— norlolinc.  The  dipcrchlorate  was  converted  to  tlic  free  norloline  (VIII),  which  has  the  following  open 
formula: 


C,II,oO(>N-) 

(VIII) 


A  brisk  evolution  of  carbon  dioxide  occurs  when  mineral  acid  is  added  to  a  water  solution  of  the  new  base. 
Consequently,  tliis  base  is  so  strong  that  on  standing  in  an  open  vessel  it  absorbs  carbon  dioxide  from  the  air,  form¬ 
ing  a  crystalline  carbonate.  Besides  the  carbonate,  we  also  prepared  other  crystalline  salts.  The  free  base  (VIII) 
is  a  liquid  and  shows  optical  activity.  All  of  the  properties  of  this  base  coincided  with  the  properties  of  the  oxida¬ 
tion  product  of  loline.  The  melting  point  of  mixturesof  salts  of  the  two  compounds  was  not  depressed. 

It  should  be  mentioned  that  all  of  the  properties  of  norloline  (VIII)  coincide  with  the  properties  of  the  alka¬ 
loid  dccorticasine  [7],  recently  isolated  from  the  plant  Adcnocarpus  decorticans  Boiss.  (family  Lcguminosac).  Not 
having  dccorticasine  at  out  disposal,  we  were  unable  to  take  the  mixed  melting  point  of  tlicse  two  alkaloids. 

The  oxidation  of  loline  with  potassium  permanganate  in  acid  medium  resulted  in  die  cleavage  of  formal¬ 
dehyde,  which  was  identified  by  condensation  with  dimedon.  From  the  oxidation  product  of  loline  wc  isolated 
a  slightly  colored  liquid,  which  can  be  vacuum-distilled,  and  has  the  composition  C7H12ON2.  This  liquid  gives 
a  number  of  crystalline  salts:  carbonate,  dihydrochloride,  dihydrobromidc,  dinitrate,  and  dipicrate.  This  base 
proved  to  be  identical  with  norloline  (VIII). 

The  acetylation  of  norlolinc  with  acetic  anhydride  gave  N-diacetylnorloline  (IX),  which  on  vacuum-distil¬ 
lation  was  obtained  as  a  glassy  mass  tliat  refused  to  crystallize.  We  were  unable  to  obtain  any  crystalline  salts 
by  reacting  the  material  with  mineral  acids.  Only  the  crystalline  picrate  was  obtained  from  (IX). 

The  heating  of  (IX)  with  30%  sulfuric  acid  solution  again  gave  norloline  (VIII). 

*  Norloline  reacts  with  nitrous  acid  to  yield  a  crystalline  product,  which  wc  named  heminorloline  (X). 

I  /C0CH3\ 

•'^ll.oOOiN-)  -N<  C7HioO(>N-)(OH) 

\  ^COCtis/ 

(tX)  (X) 


A  number  of  readily  crystallizing  salts  were  obtained  from  (X):  the  hydrochloride,  hydrobromide,  and  pic- 

rate. 

The  mcthylation  of  norlolinc  (VIII)  with  an  equimolar  amount  of  formaldehyde  and  formic  acid  gave  a 
crystalline  material.  Both  the  molecular  weight  and  the  nitrogen  content  indicate  that  tliis  material  is  bimolecular. 
Consequently,  we  named  it  dinorlolinemetlianc  (XI). 


700 


Reaction  of  norloline  with  the  calculated  amount  of  methyl  iodide  gave  the  monomethiodide  (XII). 

In  exactly  the  same  manner  the  reaction  of  loline  (II)  with  the  calculated  amount  of  methyl  iodide  gave 
corresponding  monomethiodide  (XIII). 

The  reaction  of  two  moles  of  formaldehyde  and  two  moles  of  formic  acid  with  one  mole  of  (VIII)  gave 
N-methylloline  (XIV)  [1]. 


C7HioO(>N-)-N< 

/CHj 

C7H,oO(>N-)-N<; 

(XI) 


C7HioO(> 

/\ 

CHa  I 

(XIII) 


v(-"C) 


C7H,oO(>N-)^-N/”j 

(XII) 

C7HioO(>N-)^-n/^“’^ 


(XIV) 


The  oxidation  of  (XIV)  with  KMn04  in  acid  medium  (two  g-atoms  of  oxygen)  results  in  the  cleavage  of 
formaldehyde  and  the  formation  of  loline  (II),  while  norloline  (VIII)  is  obtained  in  excellent  yield  when  the  oxi¬ 
dation  is  run  with  KMn04  (six  g-atoms  of  oxygen)  in  acetone  solution. 

EXPERIMENTAL 

Reaction  of  Dichloroethane  with  Loline  (II).  One  gram  of  (II)  was  dissolved  in  15  ml  of  dichloroethane. 

After  a  day  crystals  appeared,  the  amount  of  which  increased  with  standing.  Yield  0.65  g.  After  recrystallization 
from  anhydrous  alcohol,  either  (IV)  or  (VI)  melted  at  135-136! 

Found  <70:  Cl  14.17.  CioHigONjClj.  Calculated  %:  Cl  14.04. 

The  residue  from  the  evaporation  of  the  dichloroethane  was  acidified  with  hydrochloric  acid  in  alcohol  so¬ 
lution.  This  gave  the  crystalline  hydrochloride.  Weight  0.5  g.  The  hydrochloride  failed  to  depress  the  melting 
point  when  mixed  with  loline  diliydrochloride. 

Chloroform  Extraction  of  Seeds  of  L.  cuneatum.  The  ground  rye  grass  seed  (170  kg)  was  moistened  with 
ammonia  solution  and  then  extracted  with  chloroform  in  a  continuous  extractor.  Then  the  chloroform  extract  of 
tlie  mixed  alkaloids  was  concentrated  and  extracted  with  10%  sulfuric  acid.  The  acid  solution  was  washed  with 
ether.  The  mixture  of  alkaloid  sulfates  was  decomposed  with  gaseous  ammonia  and  then  extracted  exhaustively 
witfi  chloroform.  The  extract  was  dried  over  sodium  sulfate,  after  which  the  solvent  was  distilled  off.  Yield  340  g. 

The  340  g  of  mixed  bases  was  then  digested  with  3  liters  of  acetone.  Here  we  obtained  267  g  of  acetone- 
soluble  (a)  and  73  g  of  acetone-insoluble  (b)  alkaloids. 

We  took  242  g  of  (a)  and  dissolved  the  material  in  300  ml  of  alcohol;  then  the  solution  was  treated  with  a 
saturated  alcohol  solution  of  hydrochloric  acid.  Loline  dihydrochloride  (197  g)  deposited  immediately. 

After  removal  of  the  dihydrochloride,  the  alcoholic  mother  liquor  was  treated  with  a  saturated  alcohol  so¬ 
lution  of  sodium  perchlorate;  here  a  precipitate  of  loline  diperchlorate  was  obtained  (28  g). 

After  removal  of  the  loline  dipcrchloratc,  the  alcoholic  mother  liquor  was  partially  evaporated  at  room 
temperature.  This  resulted  in  the  deposition  of  33  g  of  lolinine  perchlorate.  Then  the  alcohol  was  evaporated 
completely  at  room  temperature  and  the  residue  was  converted  to  the  free  base.  From  the  latter  we  obtained 
32  g  of  loline  dihydrobromide,  wliile  from  the  mother  liquor  we  isolated  16  g  of  lolinine  hydrobromide.  The  re¬ 
sidue  was  again  converted  to  the  free  base  (c), 

A  solution  of  73  g  of  the  acetone-insoluble  portion  (b)  of  mixed  alkaloids  in  100  ml  of  alcohol  was  acidi¬ 
fied  with  an  alcohol  solution  of  hydrobromic  acid.  Here  we  obtained  8  g  of  loline  diliydrobromide,  while  treat¬ 
ment  of  the  mother  liquor  with  an  alcohol  solution  of  sodium  perchlorate  gave  20  g  of  loline  diperchlorate. 

The  substances  present  in  the  acid  mother  liquor  were  converted  to  the  free  bases  and  then  added  to  the 
previous  mother  liquor  (c).  The  mixture  of  the  two  solutions  was  acidified  with  an  alcohol  solution  of  hydrochloric 
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acid.  Tills  was  then  treated  with  a  saturated  alcohol  solution  of  sodium  perchlorate.  Here  a  balck  tarry  mass 
deposited.  Ihc  alcohol  solution  on  standing  deposited  crystals,  which  were  rccrystallizcd  from  dilute  alcohol. 

The  yield  of  norloline  diperchlorate  was  26  g.  The  diperchlorate  was  converted  to  the  free  norlolinc  (VIll). 

From  the  latter  we  prepared  the  carbonate,  dihydrochloridc,  dihydrobromidc,  dinitrate,  and  dipicratc.  The  melt¬ 
ing  points  of  all  of  these  salts  were  not  depressed  when  mixed  with  the  corresponding  salts  of  the  oxidation  product 
of  lolinc  (11). 

Oxidation  ofLoline  (II).  To  a  solution  of  1  g  of  the  free  base  in  20  ml  of  20%  sulfuric  acid  was  added,  with 
cooling  (“3"),  0.41  g  of  potassium  permanganate  dissolved  in  water.  Then  the  solution  was  distilled.  The  ob¬ 
tained  distillate  was  treated  with  30  tnl  of  a  1%  dimedon  solution.  Here  crystals  deposited  immediately,  which 
after  recrystallization  from  water  had  m.p.  188*.  Yield  0.33  g.  The  mixed  melting  point  with  the  condensation 
product  of  dimedon  and  formaldehyde  was  not  depressed. 

The  acid  solution,  remaining  after  the  distillation  of  the  formaldehyde,  was  made  alkaline  with  40%  NaOH 
solution  and  then  was  extracted  with  chloroform.  The  yield  of  mixed  (II)  and  (VIII)  was  0.8  g.  This  mixture  was 
converted  to  a  mixture  of  the  diliydrobromides,  which,  capitalizing  on  their  different  solubility,  was  separated  in¬ 
to  loline  dihydrobromide  and  norloline  dihydrobromide.  The  yield  of  the  latter  was  0.6  g.  M.p.  306-308* 
(decompn.),[a]^‘D  +  5.84*  (c  8.06;  water). 

Found  %:  Br  52.33.  C7HJ2ON2  •  2HBr.  Calculated  %:  Br  52.56. 

Norloline  (Vlll).  Norloline  dihydrobromide  was  converted  to  the  free  base  (VIII).  B.p.  94-95*  at  5  mm; 

+  15.1  (c  4.5;  methanol);  d“  1.1793;  n‘®D  1.5220. 

Found;  M  140.27.  C7H12ON2.  Calculated;  M  140.82. 

Carbonate.  The  crystalline  carbonate  with  m.p.  141*  is  formed  when  (Vlll)  is  allowed  to  stand  in  an  open 

dish. 

Dinitrate.  This  compound  was  obtained  by  adding  concentrated  nitric  acid  solution  to  an  alcohol  solution 
of  (Vlll).  Here  the  crystalline  dinitrate  deposited  immediately,  and  after  recrystallization  from  dilute  alcohol 
had  m.p.  191-192*.  ' 

Found  %;  N  21.09.  C7H,20N2*2HN03.  Calculated  %;  N  21.04 

The  dihydrochloridc  has  m.p.  309-311*  (decompn.). 

Found  %:  Cl  32.89.  C7Hi20N2*2HCl.  Calculated  %;  Cl  33.27. 

The  dipicratc  melts  at  226*  (decompn.). 

Acetylation  of  Norloline.  A  solution  of  1  g  of  the  free  base  in  30  ml  of  acetic  anhydride  was  refluxed  on 
the  sand  bath  for  6  hr.  Then  the  excess  acetic  anliydride  was  vacuum-distilled  to  dryness.  The  dark  brown  residue 
was  dissolved  in  water,  the  solution  made  alkaline  with  40%  NaOH,  and  the  free  base  extracted  with  chloroform. 

The  yield  of  (IX)  was  1.15  g.  B.p.  190-195*  at  2  mm. 

N-Diacetylnorlolinc  picrate  melts  at  192-193*  (decompn.). 

Found  %;  N  16.52.  C|iHi603N2*C6H307N3.  Calculated  %;  N  16.42. 

Hydrolysis  of  N-Diacctylnorlolinc.  A  solution  of  0.7  g  of  (IX)  in  15  ml  of  30%  sulfuric  acid  was  heated  for 
6  hr  on  Uie  boiling  water  bath.  Then  the  reaction  mixture  was  neutralized  with  40%  NaOH,  followed  by  exhaustive 
extraction  with  chloroform.  The  yield  of  (VIII)  was  0.5  g.  From  the  latter  we  prepared  the  hydrochloride,  hydro- 
bromide,  and  nitrate,  which  all  failed  to  depress  the  melting  point  when  mixed  with  the  corresponding  salts  ob¬ 
tained  directly  from  (VIII). 

Diazotization  of  Norloline.  Two  grams  of  (VIII)  was  dissolved  in  70  ml  of  20%  sulfuric  acid  and  the  acid 
solution  was  treated  at  —3“  with  an  aqueous  solution  of  1  g  of  sodium  nitrate.  After  a  day  the  mixture  was  neutral¬ 
ized  with  40%  NaOH  solution,  and  then  repeatedly  extracted  with  chloroform.  Removal  of  tlie  solvent  by  distilla¬ 
tion  left  the  reaction  product  as  a  brown  scmicrystalline  residue.  Yield  1.8  g.  The  latter  on  treatment  with  ace¬ 
tone  and  petroleum  ether  deposited  crystals  of  (X),  which  were  recrystallized  from  anhydrous  alcohol.  M.p.  192*; 
[af^D+  8.09*  (c  3.71;  chloroform). 


Found  %:  N  9.76.  C7HHO1N.  Calculated  %:  N  9.92. 

Heminorlolinc  hydrocliloride  melts  at  233-234*. 

Found  Cl  20.13.  CtH^OjN  •  HCl.  Calculated  Cl  20.07. 

The  hydrobromide  has  m.p.  189-190*. 

Found  7o:  Br  36.10.  C7H„02N*HBr.  Calculated  Toe  Br  35.9EL 

The  picrate  was  obtained  in  the  usual  way;  m.p.  142-143*. 

Mcthylation  of  Norloline.  To  1  g  of  (VIII)  were  added  1  ml  of  water  and  equimolar  amounts  of  formalde¬ 
hyde  and  formic  acid  (0.21  g  CHjO;  0.32  g  HCOOH).  The  reaction  mixture  was  heated  on  the  boiling  water  bath 
for  3  hr.  Then  the  reaction  mixture  was  made  alkaline  with  40%  NaOH,  followed  by  extraction  with  chloroform. 

(XI)  crystallized  when  the  solvent  was  distilled  off.  Yield  0.4  g.  M.p.  197-198*.  •• 

Found;  M  284  (Rast).  C15H24O2N4.  Calculated:  M  292,  374. 

Dinorlolinemethane  picrate  melts  at  126-130*. 

Found  %;  N  18.71.  Ci5H2402N4*  2C6H30,Ns.  Calculated  %:  N  18.66. 

lodomcthylation  of  Norloline.  To  a  solution  of  0.5  g  of  (VIII)  in  20  ml  of  methanol  was  added  the  equiv¬ 
alent  amount  of  methyl  iodide  (0.5  g).  The  reaction  mass  was  allowed  to  stand  at  room  temperature  for  several 
hours.  Thai  it  was  heated  for  2  hr  on  the  water  bath.  The  yield  of  (XII)  was  0.9  g.  The  latter  was  amorphous, 
and  could  not  be  made  to  crystallize.  (XII)  is  not  decomposed  by  dilute  alkali  and  is  not  extracted  by  solvents. 

lodomcthylation  of  Loline.  The  conditions  for  the  formation  of  (XIII)  were  the  same  as  for  (XII).  The 
yields  of  (XIII)  was  0.92  g.  This  methiodidc  is  also  amorphous. 

Mcthylation  of  Norloline.  To  0.5  g  of  the  base  were  added  1  ml  of  water,  0.21  g  of  formaldehyde,  and 
0.32  g  of  formic  acid.  The  mixture  was  heated  on  the  boiling  water  bath  for  2  hr.  Then  the  reaction  mass  was 
acidified  with  5%  sulfuric  acid  solution,  followed  by  repeated  extraction  with  ether.  After  this  the  acid  solution 
was  made  alkaline  with  NaOH  and  the  free  base  was  extracted  with  ether.  Yield  0.48  g.  A  number  of  salts  and 
derivatives  were  prepared  from  the  methylation  product.  These  compounds  failed  to  depress  the  melting  point 
when  mixed  with  the  corresponding  salts  and  derivatives  of  (XIV). 

Oxidation  of  N-Methylloline  with  Two  g- Atoms  of  Oxygen.  An  aqueous  solution  of  0.6  g  of  potassium  per¬ 
manganate  was  added  in  drops,  with  cooling,  to  a  solution  of  0.8  g  of  (XIV)  in  15  ml  of  20%  sulfuric  acid.  After 
some  time  the  solution  became  clear.  The  formaldehyde  formed  here  was  distilled  and  then  condensed  with 
dimedon  in  aqueous  solution.  Then  the  residue  was  neutralized  with  40%  NaOH,  followed  by  extraction  with  chloro¬ 
form.  The  yield  of  loline  was  0.6  g.  From  the  latter  we  prepared  a  number  of  salts,  which  failed  to  depress  the 
melting  point  when  mixed  with  the  corresponding  salts  obtained  directly  from  (II). 

Oxidation  of  N-Mcthylloline  with  Six  g- Atoms  of  Oxygen.  An  acetone  solution  of  3.73  g  of  potassium  per¬ 
manganate  was  added  to  a  solution  of  1  g  of(XIV)  in  25  ml  of  acetone.  The  mixture  was  refluxed  for  several 
hours,  after  which  the  manganese  dioxide  precipitate  was  separated  from  the  acetone  solution  of  norloline  by  suc¬ 
tion-filtration.  The  acetone  was  distilled.  The  yield  of  (VIII)  was  0.8  g.  From  the  latter  we  prepared  the  hydro¬ 
chloride,  nitrate,  and  perchlorate,  which  failed  to  depress  the  melting  point  when  mixed  with  the  corresponding 
salts  prepared  directly  from  (VIII). 


SUMMARY 

1.  A  fourth  new  alkaloid— norloline— was  isolated  from  the  seeds  of  Lolium  cuneatum  Nevski  (family 
Gramineae). 

2.  Open  formulas  were  given  for  norloline,  loline,  and  lolinine. 

3.  Loline  oxidizes  to  norloline,  while  N-methylloline  oxidizes  to  loline  or  to  norloline. 

4.  The  diazotization  of  norloline  gave  the  amino  alcohol  heminoiloline. 
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The  structures  of  norloline  (I),  loline  (II),  and  lolinine  (III)  are  all  based  on  the  same  heterocyclic  nucleus, 
which  was  shown  by  the  mutual  transformations  of  these  alkaloids  into  each  other  [1]. 


t 

c,h,.o(-n/)(-n<“"’) 


The  distillation  of  loline  (II)  witli  zinc  dust  gives  pyrrole  and  ammonia.  The  presence  of  pyridine  bases  In 
the  distillation  products  of  loline  could  not  be  detected. 

Mental  replacement  of  all  of  the  functional  groups  in  the  loline  molecule  (II)  by  hydrogen  gives  the  for¬ 
mula  CyHj3N.  Consequently,  to  obtain  the  substance  lying  at  the  base  of  the  heterocyclic  ring  in  alkaloids  (I), 

(II),  and  (III)  it  was  necessary  to  remove  the  oxygen  atom  and  the  nitrogen  atom  in  the  side  chain. 

The  oxidation  of  loline  with  chromic  acid  fails  to  yield  acetic  acid  [2],  which  indicates  that  the  CHj— C 
group  is  absent  in  the  molecule.  Attempts  to  reduce  loline  either  electrochemically  or  catalytically  resulted 
in  the  complete  recovery  of  the  starting  material,  while  an  insoluble  complex  was  obtained  when  loline  is  treated 
with  LiAlH^. 

To  pinpoint  the  function  of  the  oxygen  in  the  loline  molecule,  the  latter  was  heated  with  IS'fo  hydrochloric 
acid  in  sealed  ampuls  at  130-140*.  Here  a  substance  was  obtained,  containing  both  chlorine  and  the  hydroxyl 
group,  which  we  named  hydroxychlorololine  (IV).  From  this  it  follows  that  the  oxygen  atom  in  loline  forms  an 
ether  "bridge"  [3].  During  reaction  with  hydrochloric  acid  one  bond  of  the  ether  oxygen  cleaves,  with  the  result-  ‘ 
ant  addition  of  the  chlorine  from  the  hydrochloric  acid  to  one  side,  and  of  the  hydrogen,  forming  the  hydroxyl 
group,  to  the  other. 

Hydroxychlorololine  (IV)  is  an  optically  active  compound,  and  forms  the  dihydrochloride,  the  dihydrobro¬ 
mide,  and  the  picrate,  and  also  N-methylhydroxychlorololine  hydriodide  methiodide.  Reaction  of  the  hydroxy- 
chlorololine  with  caustic  alkalies  results  in  tlie  cleavage  of  HCl  and  the  formation  of  the  starting  free  base  (II). 

The  methylation  of  hydroxychlorololine  (IV)  with  formaldehyde  and  formic  acid,  taken  in  equimolar  amounts, 
gave’ the  crystalline  N-methylhydroxychlorololine  (V),  from  which  the  dihydrobromide,  picrate,  and  dimethiodide 
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were  prepared.  Witli  acetyl  chloride  (V)  gives  O-acctyl-N-metliylhydroxychlorololiiie  (VI).  The  latter  is  an 
amorphous  substance,  but  forms  a  readily  crystallizing  dimcthiodidc. 


/Cll3\ 

-<n  ) 

(Oil)  (Cl) 

(IV) 

/Cll3\ 

’^Vjl3) 

1  (Oil)  (Cl) 

(V) 

H|o(-N(()  (  (OCOCII3)  (Cl) 

(VI) 

The  reduction  of  (IV)  in  the  presence  of  Raney-Ni  [4]  yields  dihydroxylol ine  (VII),  a  crystalline  substance 
that  is  readily  soluble  in  water  and  shows  optical  activity.  From  it  we  prepared  the  dihydrochloride,  the  dihydro- 
brornide,  and  the  picratc,  and  also  N-mcthyldihydroxyloline  hydriodide  methiodide. 

When  reacted  with  thionyl  chloride  the  hydroxyl  group  in  (VII)  is  replaced  by  chlorine  with  the  formation 
of  hydrodcsoxychlorololinc  (VIII).  The  latter  is  a  liquid  that  darkens  on  standing.  It  is  optically  active.  This 
compound  forms  the  dihydrochloride,  the  dihydrobromide,  the  perchlorate,  and  the  picrate. 


(VII) 

(VIII) 


Reduction  of  hydrodcsoxychlorololinc  (VIII)  in  the  presence  of  Rancy-Ni  results  in  replacement  of  the  halo¬ 
gen  in  the  molecule  by  liydrogcn.  Here  three  compounds  were  isolated  from  the  reduction  products.  The  first 
of  these  products  is  dihydrodcsoxylolinc  (IX),  a  mobile  liquid,  showing  optical  activity.  The  crystalline  di- 
hydriodide  and  dihydrobromide  were  obtained  from  this  compound  only  with  difficulty,  whereas  the  perchlorate, 
chloropl Jtinatc,  and  picrate  were  easily  obtained  in  crystalline  form.  The  N-mcthyl  (X)  and  N-nitroso  (XI)  de¬ 
rivatives  were  also  prepared.  (IX)  and  (X)  arc  recovered  unchanged  when  fused  with  solid  potassium  hydroxide. 


The  second  product  isolated  in  the  pure  state  from  the  reduction  of  hydrodcsoxychlorololinc  (VIII)  proved 
to  be  a  volatile  base,  from  whicii  wc  prepared  the  picrate  with  m.p.  256*  and  the  chloroplatinate  with  m.p.  205 
to  206*.  The  melting  points,  crystal  form,  and  solubility  of  the  picrate  and  chloroplatinate  were  sharply  different 
from  those  of  the  picrate  and  chloroplatinate  of  dihydrodesoxyloline  (IX).  All  of  the  enumerated  properties  of 
our  volatile  base  coincide  completely  witli  the  properties  of  pyrrolizidine  (XII). 


II2C - CII 


-CH., 


(XU) 
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The  melting  points  were  not  depressed  when  the  salts  prepared  by  us  from  the  volatile  base  were  mixed 
with  the  picrate  and  the  chloroplatinate  of  pure  pyrrol iz id ine,  obtained  from  lindelofine  [5]. 

Finally,  methylamine  was  the  third  product  that  was  isolated  from  the  reduction  of  hydrodesoxychlorololine 
(VIII).  This  compound  was  identified  both  as  the  hydrochloride  and  as  the  picrate. 

As  a  result,  replacement  of  the  halogen  in  molecule  (VIII)  by  hydrogen  results  in  both  the  removal  of  HCl 
and  a  partial  cleavage  of  the  side-chain  nitrogen  as  methylamine  with  the  formation  of  pyrrolizidine  (XII). 

From  all  that  has  been  said  it  follows  that  norloline  (I),  loline  (II),  and  lolinine(III)  are  derivativesof  pyr¬ 
rolizidine  (XII)  and  can  be  depicted  by  the  formulas.* 


where  R  is  a  radical,  obtained  by  the  removal  of  three  hydrogen  atoms  from  the  pyrrolizidine  molecule  (XII). 

EXPERIMENTAL 

Distillation  of  Loline  (II)  with  Zn  Dust.  A  mixture  of  50  g  of  Zn  dust  and  2  g  of  ignited  asbestos  was  placed 
in  a  high-melting  tube.  Then  5  g  of  (II)  was  passed  dropwise,  in  a  current  of  carbon  dioxide,  through  the  heated 
tube  (750*),  contained  in  a  tube  furnace.  The  reaction  products  were  absorbed  in  three  cooled  vessels  (absorbers), 
containing  ether,  methanol,  and  acidified  methyl  alcohol,  respectively.  From  the  ether  and  the  alcohol  we  ob¬ 
tained  1.4  g  of  reaction  product.  From  the  acidified  methyl  alcohol  we  isolated  0.08  g  of  ammonium  chloride. 
Distillation  nf  the  reaction  product  (1.4  g)  at  715  mm  gave  the  following  fractions:  Ist.b.p.  from  100  to  138", 

0.85  g;  2nd,  b.p.  from  160-195*,  0.3  g.  The  first  fraction  was  redistilled  three  times;  the  final  fraction  that  was 
collected  had  b.p.  129-130*.  Yield  of  pyrrole  0.3  g;  d^°  0.9422;  n*®D  1.4890. 

Found  N  20.79.  C4H5N.  Calculated  N  20.86. 

Reaction  of  Flydrochloric  Acid  with  Loline.  Three  grams  of  loline  dihydrochloride  in  an  ampul  was  covered 
with  6  ml  of  15%  hydrochloric  acid,  and  the  ampul  was  sealed.  The  reaction  mass  was  heated  in  a  tube  furnace 
for  5  hr  at  130-140*.  Then  the  ampul  was  opened  and  the  excess  hydrochloric  acid  and  water  were  evaporated  to 
dryness.  Here  the  residue  crystallized  completely.  Yield  3.4  ^  After  recrystallization  from  metliyl  alcohol  the 
dihydrochloride  of  the  hydroxychlorololine  melted  at  229-230*.  The  mixture  with  loline  dihydrochloride  melted 
at  205-207*.  [af^D -22.05*  (c  3.492;  water). 

Found  %:  Cl  27.06.  CgHijONjCl  •  2HC1.  Calculated  %:  Cl  26.52. 

The  hydroxychlorololine  dihydrochloride  (1.5  g)  was  neutralized  with  ammonia  and  the  resulting  (IV)  was 
repeatedly  extracted  with  chloroform.  Yield  1.1  g.  After  recrystallization  from  acetone  (IV)  melted  at  105-106“; 
[a]*®D— 74.49  (c  2.552;  methanol). 

Found  %:  Cl  18.64.  CgHijONjCl.  Calculated  %:  Cl  18.57. 

Derivatives  of  Hydroxychlorololine.  a)  Dihydrobromide.  Obtained  by  mixing  (IV)  with  a  concentrated 
aqueous  solutionofliydrobroinic  acid.  Thedihydrobromide  crystallized  when  the  water  was  removed  by  evaporation 
at  room  temperature.  After  recrystallization  from  alcohol,  the  compound  had  m.p.  218-220*  (decompn.). 

Found  %:  Br  44.87.  CgHi50N2Cl  •  2HDr.  Calculated  %:  Br  45.33. 

b)  The  picrate  separated  as  an  oil  when  alcohol  solutions  of  (IV)  and  picric  acid  were  mixed.  The  oily 
picrate  crystallized  when  rubbed  with  a  glass  rod.  M.p.  184-186"  (from  alcohol). 

c)  N-Mcthylhydroxyclilorololine  Hydriodide  Methiodide.  A  solution  of  0.4  g  of  (IV)  in  3  ml  of  methyl  alcohol 
was  treated  with  0.8  g  of  methyl  iodide.  Crystals  appeared  after  30  min  at  room  temperature.  After  recrysialliza- 
tion  from  methanol,  m.p.  196-198*  (decompn.).  Yield  0.6  g.  [a)*^D  — 9.2*  (c  4.575;  water). 

Found  %;  I  53.2.  C^H^ONgCl  •  HI -CHgl.  Calculated  %:  I  53.48. 
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Methylation  of  Hydroxychlorololine.  Equimolar  amounts  of  formaldcliyde  and  formic  acid  v/ere  added  to 
0.8  g  of  (IV).  The  evolution  of  carbon  dioxide  at  room  temperature  was  brisk.  The  mixture  was  heated  for  15  min 
on  tlic  boiling  water  bath.  Then  the  mixture  was  treated  with  40*70  NaOH  solution  and  the  free  base  was  extracted 
with  chloroform.  Yield  0.85  g.  After  recrystallization  from  petroleum  etlicr  (V)  melted  at  82-84*. 

Derivatives  of  N-Methylhydroxychlorololinc,  a)  Dihydrobromide.  Obtained  by  the  addition  of  aqueous 
hydrobromic  acid  solution  to  (V).  The  diliydrobromide  crystallized  after  removal  of  the  water  by  evaporation  at 
room  temperature.  After  recrystal lizaiion  from  alcohol  the  compound  melted  at  206-207“  (decompn.). 

Found  Br  43.01.  CgH^ONjCl  •  2HBr.  Calculated  %:  Br  43.6. 

b)  The  picrarc  was  obtained  by  mixing  alcohol  solutions  of  (V)  and  picric  acid.  After  recrystallization  from 
alcohol,  m.p.  210-212*  (decompn.). 

c)  The  dimethiodide  was  formed  by  the  addition  of  methyl  iodide  to  a  methanol solutionof(V)atroom  tem¬ 
perature.  M.p.  208-210*  (decompn.)  (from  methanol). 

Found  <7,:  I  51 ,36.  C9lI,70N2Cl  •  2CH3I.  Calculated  <7o;  I  51.97. 

Acetylation  of  N-Mcthylhydroxychlorololinc.  To  0.5  g  of  (V),  contained  in  an  ampul,  was  added  5  ml  of 
acetyl  chloride,  and  the  ampul  was  scaled.  After  10  days  the  ampul  was  opened  and  the  excess  acetyl  chloride 
was  evaporated  at  room  temperature.  The  residue  was  neutralized  with  ammonia  and  then  extracted  with  ether. 
The  yield  of  (VI)  was  0.4  g.  The  substance  had  a  glassy  appearance  and  could  not  be  made  to  crystallize. 

O- Acetyl-N-methylhydroxychlorololinc  Dimethiodide.  Methyl  iodide  was  added  to  a  methanol  solution  of 
(VI).  Crystals  appeared  after  4  hr  at  room  temperature,  which  after  recrystallization  from  dilute  methanol  melted 
at  207-208*  (decompn.).  The  mixed  melting  point  with  N-methylhydtoxychlorololinc  dimethiodide  was  195*. 

Found  %:  I  47.26.  CjiHjgOjNjCl  •  2CH3I.  Calculated  I  47.83. 

Action  of  25%  Potassium  Hydroxide  Solution  on(lV).  The  oily  base  obtained  on  mixing  0.5  g  (IV)  with 
10  ml  of  25*7o  KOH  solution  was  extracted  with  chloroform.  Yield  0.4  g.  From  the  base  we  prepared  the  hydro¬ 
chloride,  nitrate,  and  picrate,  the  constants  of  which  agreed  with  the  constants  of  the  corresponding  salts  obtained 
from  (II). 

Reduction  of  Hydroxychlorololine.  To  a  solution  of  2  g  of  (IV)  in  40  ml  of  ethanol  was  added  10  g  of  freshly 
prepared  Raney-Ni,  and  the  mixture  was  shaken  in  a  hydrogen  atmosphere.  Mere  250  ml  of  hydrogen  was  absorbed. 
The  alcohol  solution  of  (VII)  was  filtered  from  the  Ni,  and  the  alcohol  was  removed  at  room  temperature.  Then 
the  residue  was  neutralized  with  25<7o  aqueous  ammonia,  followed  by  exhaustive  extraction  with  chloroform.  Yield 
0.8  g.  After  recrystallization  from  acetone  (VII)  melted  at  93-94*;  [  a]^^D— 32.1*  (c  2.866;  methanol). 

Found  ojo:  Equiv.  78.06.  C8H16ON2.  Calculated  Equiv;  78.1012. 

Derivatives  of  Dihydroxyloline.  a)  The  dihydrochloride  was  obtained  by  mixing  alcohol  solutions  of  (VII) 
and  MCI.  M.p.  207-208*  (from  alcohol).  [aj'^D  +  8*  (c  2.5;  water). 

Found  Cl  30.19.  CgH,60N2*  2I1C1.  Calculated  <70:  Cl  30.94. 

b)  Diliydrobromide.  Obtained  by  the  addition  of  aqueous  hydrobromic  acid  solution  to  an  alcohol  solution 
of  (VII).  After  rccrystallization  from  methyl  alcohol,  m.p.  204-205*. 

Found ‘To:  Br  49.  CgH|60N2  •  2HBr.  Calculated  <7o:  Br  50.25. 

c)  The  perchlorate  was  obtained  by  mixing  alcohol  solutions  of  the  two  components.  M.p.  233-235*  (de¬ 
compn.)  (from  alcohol). 

d)  N-Methyldiliydroxylolinc  hydriodidc  methiodide.  A  solution  of  0.18  g  of  (VII)  in  a  small  amount  of 
methanol  was  mixed  with  0.5  ml  of  mctliyl  iodide.  The  mixture  was  refluxed  for  30  min.  The  removal  of  the 
excess  methyl  iodide  and  methanol  gave  a  crystalline  residue.  M.p.  114-117*  (from  acetone).  Yield  0.4  g. 

Chlorination  of  Dihydroxyloline.  To  20  g  of  the  dihydroxyloline  dihydrochloride  was  gradually  added,  with 
cooling,  100  ml  of  thionyl  chloride,  freshly  distilled  from  cottonseed  oil.  The  mixture  was  allowed  to  stand  for 
14  hr.  Here  the  dihydrochloridc  dissolved  completely.  Then  the  mixture  was  heated  on  the  water  bath  at  65-72* 
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for  4  hr.  The  excess  thionyl  chloride  was  vacuum-distilled,  while  the  residue  was  decomposed  with  ice  water 
and  then  neutralized  with  25*70  ammonia.  The  free  base  (VIII)  was  extracted  with  ether.  Yield  14  g.  The  sub¬ 
stance  turned  very  dark  on  standing  in  the  air.  B.p,  105*  at  2  mm;  d^  1.1906,  n^D  1.5140,  [a ]**D  +  75.64*  (c  7,8; 
ethanol). 

Derivatives  of  Hydrodesoxychlorololine. 

a)  7  he  dihydrochloride  was  obtained  in  the  usual  manner.  M.p.  218-220  (decompn.)  (from  alcohol). 

[ay*D+  47.56*  (c  2.796;  water). 

Found  <7o:  Cl  42.57.  CgHjjNjCl  •  2HC1.  Calculated  Cl  43.13. 

b)  Dihydrobromide.  Hydrobromic  acid  was  added  to  (VIII).  The  dihydrobromide  crystallized  after  evapor¬ 
ation  of  the  water  at  room  temperature.  After  recrystallization  from  alcohol  the  compound  melted  at  220-222* 
(decompn.).  [a]’^D  +  37.45*(c  5.55;  water). 

Found  %:  Br  47.31.  CgHijNjCl  •  2HBr.  Calculated  %:  Br  47.49. 

c)  Perchlorate.  An  alcohol  solution  of  sodium  perchlorate  was  added  to  an  alcohol  solution  of  (VIII).  The 
perchlorate  crystallized  after  evaporation  of  the  alcohol  at  room  temperature.  M.p,  194-195*  (decompn.)  (from 
alcohol).  [ay^D  +  35.71*  (c  3.22;  water), 

d)  Picrate.  Obtained  in  the  same  manner  as  described  above.  M.p.  204-205*  (decompn.)  (from  alcohol). 

Reduction  of  Hydrodesoxychlorololine.  A  solution  of  13  g  of  (VIII)  in  150  ml  of  alcohol  was  treated  with 
70  g  of  freshly  prepared  Rancy-Ni,  and  the  mixture  was  shaken  in  a  hydrogen  atmosphere.  Here  2200  ml  of  hy¬ 
drogen  was  absorbed.  The  alcohol  solution  was  filtered,  and  then  it  was  acidified  with  an  alcohol  solution  of  hy¬ 
drochloric  acid  until  weakly  acid.  The  alcohol  was  evaporated  to  dryness  at  room  temperature.  The  residue  was 
made  alkaline  with  40*7o  NaOH.  The  alkaline  solution  was  heated  in  a  Wurtz  flask  to  50*  and  a  stream  of  air  was 
passed  through.  The  volatile  base  was  absorbed  in  5<7o  hydrochloric  acid  solution.  Removal  of  the  water  and  ex¬ 
cess  hydrochloric  acid  by  evaporation,  followed  by  treatment  first  with  alcohol,  and  then  with  acetone,  gave 
0.5  g  of  a  crystalline  hydrochloride  with  m.p.  225-228*.  The  mixed  melting  point  with  authentic  methylamine 
hydrochloride  was  not  depressed. 

The  alkaline  solution  after  removal  of  the  methylamine  was  treated  with  ether.  The  ether  extract  was  dried 
over  potassium  carbonate  and  the  solvent  was  distilled  off.  The  volatile  base  (XII)  distilled  together  with  the  ether. 
The  yield  of  (IX)  was  8.2  g.  B.p.  78*  at  2  mm;  d^°  1.0874,  n^^D  1.5030;  [ay^D  + 71.83  (c  3.35;  acetone). 

Found  %:  N  20.11.  CgHjeNj.  Calculated  N  19.97. 

Derivatives  of  Dihydrodesoxyloline.  a)  Dihydrobromide.  Concentrated  aqueous  hydrobromic  acid  solution 
was  added  to  an  alcohol  solution  of  (IX).  The  dihydrobromide  crystallized  after  removal  of  the  alcohol  and  water 
in  vacuo  at  room  temperature.  After  recrystallization  from  anhydrous  alcohol  the  compound  melted  at  143-145*. 

Found  <7o:  Br  52.77.  CgHi6N2  •  2HBr.  Calculated  Br  52.91. 

b)  The  dihydriodide  was  obtained  in  the  same  manner  as  the  dihydrobromide.  After  recrystallization  from 
anhydrous  alcohol  the  compound  melted  at  131-132*. 

Founder  163.  CgHi5N2*2HI.  Calculated  I  63.58.  ^ 

c)  The  perchlorate  was  obtained  by  Inixing  alcohol  solutions  of  (IX)  and  perchloric  acid,  M.p.  232-234* 
(decompn.)  (from  methanol). 

d)  The  picrate  was  obtained  in  alcohol  solution.  M.p.  220-222*  (decompn.)  (from  alcohol). 

e)  Chloroplatinate.  An  alcohol  solution  of  chloroplatinic  acid  was  added  to  an  alcohol  solution  of  (IX)  con¬ 
taining  hydrochloric  acid.  The  chloroplatinate  of  the  base  deposited  immediately,  and  after  recrystallization  from 
water  melted  at  222*  (decompn.), 

Methylation  of  dihydrodesoxyloline.  Equimolar  amounts  of  formaldehyde  and  formic  acid  were  added  to 
water  solution  of  (IX).  Tlie  mctliylation  went  at  room  temperature.  Moderate  heating  caused  tlie  reaction  to  go 
vigorously.  The  mixture  was  neutralized  with  40*70  NaOH  and  (X)  was  exuacted  with  ether.  B.p.  71*  at  1  mm. 


709 


Derivatives  of  N-Methyidihydrodcsoxyloline.  a)  Dihydriodidc.  The  free  base  (X)  was  acidified  with  freshly 
distilled  hydriodic  acid.  1  lie  dihydriodide  crystallized  when  the  alcohol  and  water  were  removed  in  vacuo.  M.p. 
165- 1C6’ (from  anhydrous  alcohol). 

Found  ofo:  I  60.29.  CjfligNj* 2HI.  Calculated  <7o:  I  61.89. 

b)  The  dimethiodidc  precipitated  immediately  when  alcohol  solutions  of  the  components  were  mixed. 

After  recrystallizaiion  from  methyl  alcohol  the  compound  melted  at  265-267*  (decompn.). 

Found I  57.'13.  C^HigNj  •  2CH3I.  Calculated ‘T'o:  I  57.93. 

c)  The  picrate  was  obtained  in  alcohol  solution.  M.p.  237-238*  (dccompn.)  (from  water). 

Preparation  of  Niiroso  Derivative  of  (XI).  An  aqueous  solution  of  0.45  g  of  NaNOj  was  added  with  cooling 
to  a  solution  of  1  g  of  (IX)  in  10  ml  of  10*70  sulfuric  acid.  After  2  hr,  the  mixture  was  treated  with  alkali  and 
(XI)  was  extracted  with  etJier.  Yield  1.05  g.  B.p.  12“!*  at  1  mm;  d*®  1.1272,  n^D  1.5074;  [a]^D  +  39.45*  (c  2.94, 
methanol). 

The  Picrate  of  Nitrosodihydrodesoxylolmc  was  obtained  by  mixitig  alcohol  solutions  of  the  components. 

M.p.  167*  (front  alcohol). 

Hydrolysis  of  Nitrosodihydrodcsoxyloline.  (XI)  (0.5  g)  was  heated  with  5  ml  of  concentrated  hydrochloric 
acid.  Then  the  acid  solution  was  made  alkaline  with  40*7o  NaOIl  solution  andthe(lX)  was  extracted  with  ether. 
Yield  0.35  g.  From  (IX)  we  prepared  the  dihydriodidc  and  tire  picrate,  the  constants  of  which  proved  to  be  the 
same  as  those  ofthediliydriodidc  and  picrate  obtained  from  the  starting  (IX).  The  mixed  melting  points  of  the 
corresponding  salts  were  not  depressed. 

Separation  of  Mixture  of  Volatile  Bases.  The  ether  that  was  distilled  from  the  reduction  product  of  the 
hydrodcsoxychlorololinc  was  redistilled  ilirougli  a  fractionating  column.  Here  we  obtained  0.3  g  of  free  base. 

The  ether  again  gave  a  qualitative  test  for  alkaloids.  To  trap  the  volatile  base  completely,  we  added  an  alcohol 
solution  of  picric  acid  to  the  ether  and  again  distilled  off  the  ether.  Here  we  obtained  0.2  g  of  a  crystalline  pic¬ 
rate,  which  after  2  recrystallizations  from  alcohol  had  m.p.  256*.  The  mixed  melting  point  of  the  latter  with  the 
picrate  of  pyrrolizidinc,  obtained  from  the  alkaloid  lindelofine  was  not  depressed. 

Further  Separation  of  tire  Mixture  of  Volatile  Bases.  An  alcohol  solutioti  of  0.3  g  of  the  mixed  bases  was 
acidified  with  an  alcohol  solution  of  hydroctiloric  acid  and  then  an  alcohol  solution  of  platinic  chloride  was  added. 

Here  the  mixed  chloroplatinates  deposited  immediately.  Because  of  the  different  solubility  of  the  chloroplatinates 
in  alcohol,  we  were  able  to  separate  them  into  two  parts.  The  readily  soluble  chloroplatinate  after  recrystalliza¬ 
tion  melted  at  206*.  Yield  0.25  g.  The  mixed  melting  point  with  the  chloroplatinate  of  pure  (XII)  was  not  de¬ 
pressed.  The  difficultly  soluble  portion  proved  to  the  chloroplatinate  of  (IX)  and  liad  m.p.  222*  (decompn.).  Yield 
0.6  g. 


SUMMARY 

1.  Hydroxychlorololine  is  formed  when  loline  is  heated  with  hydrochloric  acid.  This  compound  reverts 
back  to  loline  when  treated  with  caustic  alkalies.  The  oxygen  atom  in  the  norloline,  loline,  and  lolinine  mole¬ 
cules  is  present  as  an  ether  "bridge". 

2.  Norloline,  loline,  and  lolinine  are  derivatives  of  pyrrolizidinc. 
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It  is  known  that  compounds  containing  at  least  one  reactive  hydrogen  atom  react  with  formaldehyde  and 
amines  to  form  Mannich  bases.  In  recent  years  the  range  of  compounds  entering  into  the  Mannich  reaction  has 
been  greatly  expanded  due  to  the  inclusion  of  compounds  with  an  "acid"  hydrogen  atom  on  nitrogen  or  sulfur: 
phthalimide  [1],  bcnzotriazolc  [2],  benzoxazolethione  [3],  benzimidazolethione  [4],  2-mercaptothiazoline  [5], 
2-mercaptobenzothiazole  [6-10],  thiophenols  [11],  and  others  [12]. 


The  Mannich  reaction  based  on  2-mercaptobenzothiazole  has  been  described  in  a  number  of  patents  [6-9], 
but  the  properties  of  the  obtained  bases  have  not  been  studied  up  to  now.  Alsc\  contradictory  opinions  [6-8,  13] 
have  been  expressed  regarding  the  structure  of  these  compounds. 


The  synthesis  of  Mannich  compounds  based  on  2-mercaptobenzothiazole,  a  study  of  their  properties,  and  an 
elucidation  of  their  structure  constitute  the  objectives  of  the  present  investigation;  as  the  amine  component  we 
used  diethylamine,  piperidine,  morpholine,  cyclohexylamine,  aniline,  and  ethanolamine.  Reaction  of  the  mer- 
captobenzothiazole,  formaldehyde,  and  amine  was  run  in  the  cold  in  either  alcohol  or  acetone  solution.  Under 
these  conditions  the  cyclohexylamine  and  ethanolamine  gave  condensation  products  with  two  equivalents  of  2- 
mercaptobenzothiazole.  The  use  of  excess  cyclohexylamine  led  to  the  formation  of  the  cyclohexylarnmonium 
salt  of  2-mercaptobenzothiazole,  which  we  also  obtained  by  the  direct  reaction  of  2-mercaptobenzothiazole 
with  the  amine  [14]. 

The  Mannich  bases  synthesized  by  us  are  colorless  crystalline  compounds,  insoluble  in  water,  readily  soluble 
in  most  organic  solvents,  unstable  at  elevated  temperature,  and  easily  decomposed  by  aqueous  alkali  and  acid  so¬ 
lutions:  10%  hydrochloric  acid  even  at  room  temperature  cleaves  them  into  the  mercaptobenzothiazole,  formal¬ 
dehyde,  and  amine;  here  the  decomposition  is  much  more  rapid  and  complete  if  heating  is  employed.  Dilute 
aqueous  solutions  of  NaOH  and  ammonia  act  in  a  similar  manner.  Short  heating  with  acetic  acid  (90%)  at  50* 
caused  the  Mannich  bases  to  hydrolyze  to  2-mercaptobenzothiazole  methylol  and  the  amine,  while  heating  at  the 
boiling  point  caused  hydrolysis  to  the  starting  compounds.  Some  of  the  synthesized  compounds  decomposed  when 
slowly  heated  to  140-150®,  or  when  their  rccrystallization  from  toluene  was  attempted,  or  when  they  were  melted 
with  camphor  (to  determine  tlic  molecular  weight).  The  bases  proved  to  be  stable  toward  anhydrous  acids.*  thus, 
dry  hydrogen  chloride  precipitated  the  corresponding  hydrochlorides  from  ether  solutions  of  the  bases,  which  hy¬ 
drolyzed  with  case  in  the  presence  of  traces  of  moisture.  From  all  that  has  been  said  above  it  follows  that  the 
Mannich  bases  of  2-mercaptobcnzothiazolc  arc  unstable  substances,  which  makes  their  study  quite  difficult. 

It  is  known  that  2-mercaptobenzothiazole  can  react  in  cither  the  thio  (I)  or  the  thione  (II)  form. 
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Study  of  llic  UV-spccira  of  2-mcrc.iptobciizothiazolc  revealed  that  in  solutions  it  exists  predominantly  in 
llic  tlilonc  form,  independent  of  the  nature  of  tlic  solvent,  while  in  alkalies  the  equilibrium  is  shifted  toward  tlic 
thiol  form  (in  the  crystalline  state  2-mcrcaptobcnzotlHazolc  is  assigned  the  structure  of  a  bimolccular  complex) 
{15).  Its  methyl  derivatives  exist  botli  as  N-mcthylbenzothiazolcthionc  and  as  S-methylmcrcaptobenzoihiazole 
[16).  As  regards  tlie  Mannich  bases  of  2-mcrcaptobcnzothiazolc,  in  the  earlier  papers  they  were  assigned 
the  stmeture  of  S-dcrivatives  [9,  13);  in  recent  papers  the  authors  tend  to  favor  the  ihione  form  [10],  mainly  on 
tlic  basis  of  comparing  their  spectral  characteristics  with  the  data  for  the  N-methyl  derivative.  [17]. 


To  elucidate  the  structure  of  the  obtained  Mannich  bases,  we  undertook  their  synthesis  from  the  hydroxy- 
mcthylbcnzothiazolethionc,  with  a  parallel  conversion  of  the  latter  to  tlic  cliloromcthyl,  and  then  to  the  methyl 
derivative. 

I  II - N-ClljOII  50C1..  r  1 - N-ClliCl  - N-CII, 
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The  condensation  of  N-hydroxymcthyl-2-bcnzothiazolcthione  (III)  with  amines  gave  Mannich  bases  (VI) 
tliat  proved  to  be  identical  with  tliosc  synthesized  earlier  from  2-mercaptobcnzothiazole,  formaldehyde,  and 
amine.  Conversely,  hydrolysis  of  all  synthesized  Mannich  bases  led  to  the  same  hydroxymethyl  derivative, (III), 
which  on  reaction  with  thionyl  chloride  was  converted  to  the  corresponding  cliloromcthyl  compound  (IV).  Reduc¬ 
tion  of  the  latter  gave  N-mctliyl-2-benzothiazolcthionc  (V),  identical  with  that  syntliesized  by  us  using  the  other 
procedure.  The  obtained  compound  proved  to  be  completely  identical  with  die  N-methyl  derivative  of  die  thione 
form  of  2-mercapiobenzothiazole  described  in  the  literature  [18]. 


EXPERIMENTAL 


Mannich  Reaction 

3“Piperidinomethyl-2-bcnzothiazolethionc.  To  5.3  g  (0.05  mole)  of  piperidine  in  a  flask,  immersed  in  an 
Ice  bath,  was  gradually  added  5.0  ml  (0.05  mole)  of  formalin  •  and  then  a  suspension  of  8.4  g  (0.05  mole)  of 
2-mercaptobcnzothiazole  in  40  ml  of  acetone.  Complete  solution  occurred  immediately,  and  then  a  colorless 
crystalline  precipitate  began  to  deposit.  Yield  13.0  g  m.p.  159-161*  (from  benzene)  (corresponding  to  the 

literature  data  [8]). 

In  a  similar  manner  we  obtained:  3-morpholinomethyl-2-bcnzothiazolethione  (we  used  72.8%  aqueous 
morpholine  solution  in  the  reaction);  yield  85.5%;  m.p.  147-148*  (147-149*[8]),  and  3-diethylaminomcthyI-2- 
bcnzothiazolcthione;  yield  96%;  m.p.  90*  (84-86*  [8]). 

N,N-bis(3-Mcthyl-2-benzothiazolcthionc)aminoethanol.  Obtained  from  3.1  g  (0,05  mole)  of  ethanolamine, 
5  ml  (0.05  mole)  of  formalin,  and  8.4  g  (0.05  mole)  of  2-mcrcaptobcnzothiazolc  in  30  ml  of  methanol.  The  oily 
‘deposit  that  separated  when  the  solution  was  diluted  with  water  solidified  on  cooling.  Yield  6.0  g  (57.7%);  m.p. 
130*  (from  ethyl  acetate).  Slightly  yellow  crystals,  readily  soluble  in  organic  solvents;  attempted  recrystalliza'- 
tion  from  toluene  resulted  in  partial  decomposition  of  the  compound. 

Found  %:  N  9.96,  9.99.  CigHpONjS^.  Calculated  %:  N  10.02. 

3- Anilinomethyl-2-bcnzothiazolcthionc.  To  a  suspension  of  16.7  g  (0.1  mole)  of  2-mcrcaptobenzothiazole 
in  60  ml  of  alcohol  was  added,  with  stirring,  9.3  g  (0.1  mole)  of  aniline;  the  mixture  was  licatcd  to  30*  and  then 


•  We  used  30%  formaldehyde  solution  in  all  of  the  experiments. 
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ated  witli  dry  HCl  until  a  precipitate  ceased  to  deposit.  The  obtained  hydrochloride  was  filtered,  washed  repeated¬ 
ly  with  ether,  and  dried  in  a  vacuum-desiccator.  Colorless  cyrstals;  m.p.  130-132"  (in  an  open  capillary),  148* 

(in  a  sealed  capillary);  the  mixed  melting  point  with  the  starting  base  was  124*.  On  standing  in  the  air  the  com¬ 
pound  hydrolyzed  to  2-mercaptobenzothiazole. 

The  hydrochloride  of  the  Mannich  base  prepared  from  piperidine  exhibited  the  same  instability. 

3.  Hydrolysis  of  Mannich  Bases  with  90%  Acetic  Acid.  The  base  (0.005  mole)  was  dissolved  in  10  ml  of 
OO'T'o  acetic  acid  at  50°  and  then  allowed  to  stand  overniglit  at  room  temperature.  The  precipitate  that  deposited 
on  standing  was  filtered  and  washed  witli  alcohol;  yield  of  hydrolysis  product  approximately  OOffo;  m.p.  125-127*. 
The  mixed  melting  point  with  authentic  3-hydroxymethyl-2-benzothiazolcthione  was  not  depressed.  The  same 
compound  was  obtained  when  the  Mannich  bases  prepared  from  2-mercaptobenzothiazole  and  piperidine,  morpho¬ 
line,  or  diethylamine  were  hydrolyzed  under  tlie  described  conditions. 

Condensation  of  3-Hydroxymethyl“2-benzothiazolethione  with  Amines 

3-Hydroxymethyl-2-benzothiazoletliione(IIl).  was  obtained  as  bright  yellow  crystals  when  a  solution  of 
16.7  g  (0.1  mole)  of  2-mercaptobenzothiazole  in  150  ml  of  hot  alcohol  was  mixed  with  20  ml (0.2  mole)  of 
formalin.  Yield  19.0  g  (96.5'7o);  m.p.  128-130"  (literature:  125-130*  [19]). 

.  1.  Condensation  with  aniline.  A  solution  of  4.0  g  (0.02  mole)  of  (III)  in  15  ml  of  acetone  was  mixed  with 
1.85  g  (0.02  mole)  of  aniline  cooled  in  ice.  Yield  5.4  g  (98'yo):  m.p.  104-105*  (from  benzene). 


713 


2.  Condensation  with  tnorpholine.  A  solution  of  4.0  g  (0.02  mole)  of  (III)  in  18  ml  of  acetone  was  added 
to  3  ml  of  72.8 ’/>  aqueous  tnorpholine  solution  (0.02  mole)  at  0-5*.  Yield  4.0  g  (74%);  m.p.  147-149*  (from  ben¬ 
zene). 

3.  Condensation  with  dlcthylamlnc.  From  4.0  g  (0.02  mole)  of  (III)  and  1.3  g  (0.02  mole)  of  diethylamine 
(as  75%  aqueous  solution)  in  15  tnl  of  acetone  we  obtained  4.0  g  (81%)  of  product;  m.p.  88®  (from  benzene). 

4.  Condensation  with  piperidine.  Run  under  analogous  conditions;  yield  80%;  m.p.  159-160*. 

5.  Condensation  with  cycloltexylamine.  A  solution  of  2.0  g  (0.01  mole)  of  (III)  in  20  ml  of  acetone  or 
benzene  was  added  to  1.0  g  (0.01  mole)  of  cyclohexylamine  at  0-5*.  A  precipitate  was  obtained  when  the  solution 
was  concentrated  in  vacuo.  Yield  1.7  g  (63%);  m.p.  157-158*. 

N-Chloromcfhyl-2-bcnzothiazolcthlonc  (IV).  A  solution  of  1.0  g  (0.005  mole)  of  (III)  in  25  ml  of  dry  chlo¬ 
roform  and  3.6  ml  (0.05  tnolc)  of  tliionyl  chloride  was  heated  at  60*  for  1  hr.  The  solvent  and  excess  ihionyl 
chloride  were  removed  in  vacuo,  and  the  residue  was  digested  twice  with  15  ml  portions  of  dry  benzene,  which 
was  also  removed  by  vacuum-distillation.  Yield  0.6  g  (55%);  m.p.  123-125*  (from  benzene)  (127-128*  [10]). 

N-Mcthyl-2-benzothlazolethione  (V).  Three  grams  of  zinc  dust  was  added  with  vigorous  stirring,  at  21-27*, 
in  20  min,  to  a  solution  of  0.7  g  (0.0032  mole)  of  (IV)  In  20  tnl  of  glacial  acetic  acid  and  20  ml  of  dry  benzene. 
Then  the  mass  was  stirred  for  another  15  min,  filtered,  and  the  filtrate  was  washed  with  water.  The  benzene  layer 
was  separated,  while  the  water  layer  was  extracted  with  benzene.  The  combined  extract  was  washed  with  water 
and  then  dried  over  Na2S04:  the  solvent  was  removed  by  distillation.  Yield  0.42  g  (71%);  m.p.  88*  (from  alcohol). 
The  compound  failed  to  depress  the  melting  point  when  mixed  with  the  N-mcthyl-2-bcnzoihiazoIethione  (m.p. 
88-90*)  obtained  in  80%  yield  by  the  isomerization  of  S-methylmcrcaptobcnzothiazolc  [20]. 

SUMMARY 

1.  A  number  of  Mannich  bases  derived  from  2-mercaptobenzothiazolc  were  synthesized  and  characterized; 
it  was  established  that  tlicsc  bases  arc  unstable  at  elevated  temperatures  and  when  acted  upon  by  aqueous  alkali 
and  acid  solutions. 

2.  It  was  shown  tliat  the  N-hydroxymethyl-2-bcnzothlazolinc  obtained  by  the  hydrolysis  of  the  Mannich 
bases  when  chlorinated,  followed  by  reduction,  is  converted  to  N-mcthyl-2-bcnzothiazolethionc,  while  when  con¬ 
densed  with  amines  it  gives  the  corresponding  Mannich  bases,  which  confirm  their  thlone  structure. 
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SYNTHESIS  OF  ALKYL-  AND 

DIALKYL-B  IS -(1. 1-DIAL  KYLHYDRAZINO)-SlLANES 
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Leningrad  State  University 

Translated  from  Zliurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  pp.  694-695, 
February,  1960 

Original  article  submitted  September  23,  1959 


Dialkyl-(aryl)-bis-hydrazinosilanes  are  little  studied  compounds.  Up  to  now  a  total  of  only  two  organosil- 
icon  derivatives  of  hydrazine  of  this  type  are  known:  diphenyl-bis-(l-phenylhydrazino)-silanc  (C6H5)2Si(NHNHC5H5)2 
and  diphenyI-bis-(l,l-dimeihylhydrazino)-silanc  (C5H5)2Si[NHN(C  113)212. * 

Based  on  the  reaction  of  the  dlctliyl-and  dimethyldichlorosilanes  with  the  unsymrnelrical  diethyl-  and  di- 
inctliylhydrazincs,  we  were  tlie  first  to  obtain,  in  good  yields,  the  pure  aliphatic  bis-hydrazinosilanes,  the  physical 
constants  and  analysis  results  of  whicii  are  given  in  the  table  (Nos.  1-4).  These  compounds  are  colorless  mobile 
liquids  with  a  characteristic  odor,  and  are  strong  reducing  agents  (they  reduceanhydrous  copper  sulfate  to  metallic 
copper  and  Fehling  solution  to  cuprous  oxide  when  warmed  gently,  and  form  a  silver  mirror  with  ammoniacal 
silver  oxide  solution  in  the  cold).  The  bis-hydrazinosilanes  are  easily  cleaved  at  the  Sl-N  bond  when  treated  with  water, 
alcohol,  or  dry  hydrogen  chloride,  yielding  the  original  dialkylhydrazines,  or  their  hydrochlorides,  and  the  corres¬ 
ponding  organosilicon  compounds  (silanediols,  dialkoxysilanes,  and  dichlorosilanes).  All  of  these  reactions  pro¬ 
ceed  with  the  evolution  of  heat. 

The  reaction  of  unsymmetrical  dialkylhydrazines  with  alkylchlorosilanes  was  extended  by  us  to  the  hydroxy- 
chlorosilanes,  from  which  we  synthesized  the  previously  unknown  alkyl-bis-(l,l-dialkylhydrazino)-silanes,  contain¬ 
ing  hydrogen  bonded  directly  to  the  silicon  (see  table.  Nos,  5-7).  These  compounds  are  much  more  powerful  re¬ 
ducing  agents  than  the  dialkyl-bis(l  ,l-diall;ylhydrazino)-silanes,  reacting  with  anhydrous  copper  sulfate  even  in 
the  cold  with  much  evolution  of  heat.  Hydrogen  is  evolved  quantitatively  when  they  arc  treated  with  alcoholic 
alkali,  and  it  is  possible  to  use  this  property  for  the  analytical  determination  ofalkyl-bis-(hydrazino)-hydrosil- 
ancs.  The  reactions  withwater  or  alcoliol  go  with  the  evolution  of  hydrogen  and  so  vigorously  that  insufficient 
care  could  lead  to  explosion.  The  work  on  the  synthesis  and  study  of  the  reducing  properties  of  the  alkylhydrazino- 
hydrosilanes  is  being  continued. 


••  U.  Wannagat  and  H.  Niederprum,  Angew.  Chem.  70,  745  (1958), 
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STRUCTURE  OF  THE  ADDITION  PRODUCTS  OF  AMINES 


TO  BIACETYLENE 

A.  A.  Petrov  and  I.  A.  Maretina 
Lcnsovct  Leningrad  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khimll,  Vol.  30,  No.  2,  p,  696, 
February,  1960 

Original  article  submitted  Obtober  27,  1959 


We  had  established  that  biacetylene  adds  dialkylamines  with  the  formation  of  l-diaIkyIamino-l-butcn-3- 
yncs  (I).  Ihe  structure  of  the  obtained  products  was  clearly  shown  by  the  Infrared  spectra  [1],  However,  the 
review  literature  Indicates  that  it  is  possible  for  such  adducts  to  have  a  different  structure  (II)  [2]:  HC  ^C— CH  = 
*=CH-NR2(I),  CH2  =  CNR2“C  ^CH  (II),  CHj-CNHR^CH-CH  =NR(III),  RNH-CH  =  CH-Cn  =  CH-NHR(lV). 

In  order  to  confirm  the  structure  assigned  by  us  to  the  adducts  by  chemical  methods  we  subjected  ilicm  to 
exhaustive  hydrogenationon  Pd/CaCO,  In  etlier  solution.  Here  only  diethylbutylaminc  was  obtained  from  tlie  ad¬ 
duct  of  diethylamine  to  blacetylenc. 

B.p.  136-138*,  d*®4  0.7622,  n*°D  1,4140.  IR-spcctrum:  724  mod,  766  med,  927  med,  962  med,  1002  med, 
1087  med,  1139  med,  1203  strong,  1242  mod,  1294  strong,  1377  strong,  1451  strong  cm‘^. 

Picratc:  m.p.  46*.  All  of  these  data  correspond  to  diethylbutylaminc  [3].  The  isomeric  sec-butyldiethyl- 
amine,  which  should  be  obtained  in  the  hydrogenation  of  amine  (II),  has  b.p.  130*,  forms  a  picratc  with  m.p. 
116-117*  [4],  and  in  its  infrared  spectrum  differs  sharply  from  dicthylbutylamine  by  the  presence  of  the  frequencies: 
708  med,  843  med,  991  med,  1044  strong,  1110  strong,  and  1156  strong  cm"*. 

In  the  case  of  primary  amines,  two  molecules  of  the  amine  add  to  one  molecule  of  biacctylcne  even  In  the 
cold.  Thus,  for  example,  the  butylamine  adduct  has  the  constants: 

B.p.  100-101*  (3  mm),  d*®^  0.8532,  n*®D  1.503a 

Found  %:  C  73.42,  73.3G;  H  12.51,  12.53;  N  14.20,  14.28;  Ha^t  0.40,  0.51.  C12H24N2.  Calculated  ‘Jk 
C  73.41;  H  12.33;  N  14.24;  Ha^t  0.51. 

Intense  frequencies  of  the  conjugated  diene  grouping  (1584  and  1625  cm"*)  are  present  in  the  infrared 
spectrum  of  the  compound,  while  the  frequencies  of  the  terminal  acetylene  and  allcne  groupings  are  absent.  Since 
there  arc  no  intense  frequencies  in  the  800-1000  cm"*  region,  the  main  portion  of  the  adduct  must  be  assigned 
the  structure  of  (III)  with  possible  tautomerism,  or  of  cis-(IV). 
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A  new  type  of  polymerization,  the  cyclic  or  intramolecular-intermolecular  polymerization  of  nonconjug- 
atcd  dienes,  was  described  within  the  last  two  years  [1], 

We  were  the  first  to  synthesize  divinyl  acetals  and  study  their  ability  to  undergo  cyclic  polymerization. 
The  acetalization  of  aldehydes  with  ethylene  chlorohydrin  gave  6 ,6  '-dichlorodiethyl  acetals  (I),  which  by  dc- 
hydrochlorination  were  converted  to  divinyl  acetals  (11)  according  to  the  scheme 

/OCH2CH2CI  .0CH=CH2 

RCnO  -1-  HOCH2CH2CI  RCH<  — ►  RCHC 

\OCH2CH2Cl  \OCH=GH, 

(I)  (in 


Thus,  for  example,  the  dehydrochlorination  of  fl  ,8  '-dichlorodiethyl  formal  (I,  R  =  H)  in  the  presence  of 
potassium  hydroxide  gave  divinyl  formal  (II,  R  =H), 

B.p.  88-90*  (680  mm),  n”D  1.4215,  d“4  0.9077,  MR  27.96;  calculated  27.64 

Found  <7o:  C  60.40,  60.27;  H  8.40,  8.21.  CgHgOj.  Calculated  C  60.05;  H  8.06. 

Divinyl  butyral  (II,  R  =  n-CgH;)  was  obtained  in  a  similar  manner. 

B.p.  44-45*  (13  mm),  138-139*  (680  mm)  n*®D  1.4250,  d*®4  0.8708,  MR  41.75;  calculated  41.50, 

Found  C  67.79,  67.81;  H  10.15,  10.30.  C8H14O2.  Calculated  C  67.57;  H  9.92. 

We  also  synthesized  some  other  divinyl  acetals  (II,  R=  CH3,  C2H5,  iso-C3H7,  iso-C4H9,  CgHg),  which  were 
obtained  as  colorless  liquids  with  an  ethereal  odor.  The  structure  of  the  obtained  divinyl  acetals  was  confirmed 
by  hydrolysis  and  hydrogenation  reactions. 

The  polymerization  of  divinyl  acetals  in  the  presence  of  radical  polymerization  initiators  (benzoyl  peroxide, 
azodiisobutyronitrile)  is  directed  exclusively  toward  cyclic  polymerization  with  the  formation  of  acetal  derivatives 
of  polyvinyl  alcohol,  i.e.,  of  poly(vinyl  acetals)  (III).* 


(H) 


-CII2-CII-CH2— CH—  ” 

'0  i 

\ch/ 

I 

R 

(HI) 


•  With  the  monomer  existing,  the  name  "polyfvinyl  acetal)"  should  be  changed  to  "polyfdivinyl  acetal)." 
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Thus,  the  cyclic  polymerization  of  dlvlnyl  formal  (II,  R=H)  gave  poly(dlvlnyl  formal)  (III,  R=H)  as  a 
white  powder  with  m.p.  85-120*  (it  was  precipitated  with  alcohol  from  benzene  solution). 

Found  tfo:  C  C0.17,  60.20;  H  8.08,  7.98.  (CgHgOj),,.  Calculated  (fo:  60.05;  H  8.06. 

All  of  the  obtained  poly(divinyl  acetals)(lll)  are  readily  soluble  in  most  organic  solvents  (aromatic  hydro¬ 
carbons,  chlorine-containing  solvents,  etc.),  except  metliyl  and  ethyl  alcohol.  The  poIy(divinyl  acetals)  do  not 
hydrogenate  and  do  not  add  bromine,  wliich  indicates  the  absence  of  double  bonds  in  the  polymer. 

As  was  to  be  expected,  hydrolysis  of  the  poly(divinyl  acetals)  obtained  by  us  yields  polyvinyl  alcohol,  the 
6 -glycol  structure  of  which  was  shown  by  its  oxidation  with  nitric  acid  [2]  to  oxalic  acid. 

A  study  o!  the  properties  of  divinyl  acetals  and  poIy(divinyI  acetals)  is  being  continued. 
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REACTION  OF  SYDNONES  WITH  DERIVATIVES  OF 


a, B -UNSATURATED  ACIDS 

V.  F.  Vasll'eva,  V.  G.  Yashunskii,  and  M.N.  Shchukina 

S,  Ordzhonikidze  All-Union  Chemical-Pharmaceutical  Scientiflc 
Research  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No,  2,  p,  698, 
February,  1960 

Original  article  submitted  October  26,  1959 


We  discovered  a  new  reaction  in  the  sydnone  series.  When  heated  with  nitriles  and  esters  of  a,  fl  -unsatur- 
ated  acids,  sydriones  are  cleaved  with  the  evolution  of  carbon  dioxide  and  the  formation  of  either  pyrazoline  or 
pyrazole  derivatives.  Whereas  the  products  in  the  reaction  of  sydnones  with  unsaturated  esters  are  the  esters  of 
substituted  pyrazolinccarboxylic  acids,  in  the  case  of  the  reaction  of  nitriles  with  sydnones  we  were  unable  to 
isolate  the  corresponding  cyanopyrazolines,  and  instead  we  obtained  substituted  pyrazoles.  In  this  connection  the 
evolution  of  hydrogen  cyanide  was  observed. 


Apparently,  the  formation  of  the  esters  of  nitriles  of  substituted  pyrazollnecarboxylic  acids  must  be  assumed 
to  occur  in  both  cases.  However,  the  cyano  group  in  these  compounds,  similar  to  halogen,  is  easily  cleaved  even 
on  short  heating  • ,  which  leads  to  a  conversion  of  the  cyanopyrazolines  to  the  corrresponding  pyrazoles: 


R_N-CI\' 

\ 


CHj 


±  >C=0  +  CR" 

/  I 


-CO, 


R— N - / 


N-0 


U) 

/V 


R=alkyl,aryl  |  R''  =  H,  CH,;  R^^H,  cn,;  X 


-HX 


U_N— CR' 
N=CR» 


=i  CN,  COOCll,. 


Derivatives  of  unsaturated  conjugated  acids  add  to  sydnones  in  such  manner  that  the  B -carbon  atom  of  the 
ethylenic  bond  attaches  to  the  carbon  atom  of  the  sydnone,  while  the  a-carbon  atom  of  the  same  bond  attaches 
to  the  unsubstituted  nitrogen  atom. 

In  most  cases,  the  main  direction  of  the  given  reaction  is  the  formation  of  pyrazole  and  pyrazoline  rings. 
Thus,  the  heating  of  3-plienylsydnone  with  excess  acrylonitrile  gave  l-phenylpyrazole  in  about  80%  yield. 

The  structure  of  the  obtained  compounds  was  confirmed  by  infrared  spectra,  analyses,  and  also  by  a  com¬ 
parison  with  the  literature  data. 

The  work  on  studying  the  reaction  of  sydnones  with  other  unsaturated  conjugated  and  unconjugated  systems, 
and  also  on  establishing  the  mechanism  of  the  discovered  transformations,  is  being  continued. 


•  K.von  Auwers  and  O.  Ungemach,  Ber.  1198  (1933), 


THE  ROLE  OF  PROTONIC  ACIDS  IN  SOME  CATALYTIC 
TRANSFORMATIONS  OF  ACETYLENE 

O.  N.  Teinkin,  U.  D.  German,  and  R,  M,  Flid 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  p.  699, 
February,  1960 


Despite  the  established  fact  of  aprotonic  catalysis  existing  in  reactions  of  addition  to  acetylene  in  the  pres¬ 
ence  of  copper,  silver,  or  mercury  [1,  2],  the  role  and  mechanism  of  the  action  of  strong  protonic  acids,  in  which 
medium  the  reactions  arc  run,  have  remained  obscure.  It  was  indicated  by  one  of  us  [3]  that  the  specific  action 
of  protonic  acids  in  reactions  of  addition  to  acetylene  consists  in  a  contrapolarization  of  the  acetylene  by  the 
proton  and  in  a  change  in  the  character  of  CjH2  reactionwith  metal  salts.  Tliis  is  found  to  be  in  agreement  with 
the  data  of  otlicr  investigators  [4,  5].  If  ilic  assumption  of  protonic  acids  exerting  a  specific  action  is  valid,  then 
an  interrelation  should  exist  between  the  activity  of  the  metal  ion  in  solution  and  the  protonic  acidity,  needed  for 
the  predominant  formation  of  some  one  final  reaction  product. 

In  order  to  discover  this  interrelation  we  undertook  a  study  of  the  hydration  of  acetylene  using  a  contact  , 
solution  based  on  CU2SO4-H2SO4,  which  was  prepared  by  boiling  a  solution  of  CUSO4+  H2SO4  with  copper  metal 
in  a  nitrogen  stream;  tlie  CUSO4  concentration  in  all  cases  was  0.0128  mole.  The  experiments  were  tun  in  a  flow 
system  with  a  continuous  recording  of  the  potential  of  the  copper  electrode  in  tlie  contact  solution.  Samples  of 
the  condensate  were  removed  at  periodic  intervals  during  experiment,  and  the  amount  of  the  aldehyde  in  them 
was  determined  polarographically.  It  was  established  that  tlie  acetylene  conversion  drops  with  increase  in  the  acid 
concentration  due  to  a  decrease  in  the  formation  of  copper  acetylides,  the  formation  terminating  at  an  acid  con¬ 
centration  of  10®fo.  Beginning  with  this  acidity,  acetaldehyde  is  formed  just  as  soon  as  acetylene  is  passed  into 
the  system.  The  passage  of  €2112  into  the  system  causes  the  potential  of  the  copper  electrode  to  drop  from  value 
E(i  to  value  Ec.  Removal  of  the  acetylene  from  the  contact  solution  by  blowing  with  nitrogen  raises  the  potential 
to  a  value  smaller  than  E^.  A  drop  in  the  potential  at  the  start  is  linked  with  the  formation  of  copper  acetylides. 
Here  an  increase  is  observed  in  the  concentration  of  aldehyde  in  the  condensate  samples  up  to  the  maximum  value. 
The  maxima  on  the  curves  for  the  formation  of  acetaldehyde  with  time  correspond  to  the  moment  of  termination 
of  the  formation  of  copper  acetylides  and  the  start  of  complex-formation.  Further  decreases  occurring  here  in  the 
Cu"*"  activity  lead  to  a  reduction  in  both  the  reaction  rate  and  the  acetaldehyde  concentration  in  the  condensate 
samples  to  a  constant  value,  the  moment  of  establishing  which  coincides  with  the  moment  of  establishing  E^,. 

The  higher  the  acidity  of  tlie  solution,  the  greater  the  value  of  the  potential  at  v/hich  maxima  are  observed  on  the 
curves  for  the  formation  of  acetaldehye.  As  a  result,  it  was  established  that  the  moment  of  termination  of  the 
formation  of  acetylides  and  attainment  of  the  maximum  acetaldehyde  concentration  comes  at  a  definite  ratio  of 
tlie  potential  and  acidity  values,  which  confirms  the  earlier  expressed  hypothesis. 
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SYNTHESIS  OF  UNSATURATED  SILICOHY  DROC  ARSONS 

A.  D.  Petrov  and  L.  L.  Shchukovskaya 

Institute  of  Silicate  Chemistry,  Academy  of  Sciences,  USSR 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  2,  p.  700i 
February,  1960 

Original  article  submitted  November  30,  1959 


It  was  mentioned  in  the  literature  that  the  passage  of  chloroprene  over  Cu— Si  alloy  at  420-450*  failed  to 
lead  to  the  formation  of  any  silicon-containing  compounds. 

We  were  able  to  effect  the  reaction  of  chloroprene  with  methyidichlorosilane  in  an  empty  tube  at  550-600*. 
The  reaction  led  to  the  formation  of  a  mixture  composed  of  isomeric  unsaturated  silicohydrocarbons,  with  a  pre¬ 
dominance  of  silicoallene,  and  the  corresponding  dimers,  which  is  confirmed  by  the  elemental  analysis  results  and 
t)ie  infrared  spectra. 
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REPLY  TO  THE  REMARKS  OF  A,  A.  PETROV 


A.  V,  Dombrovskii 
Chcrnovitz  State  University 

Translated  from  Zhurnal  Obslichei  Khimii,  Vol,  30,  No.  2,  p.  700, 
February,  1960 

Original  article  submitted  September  30,  1959 


In  the  paper  by  A.  A.  Petrov  and  co-workers  [1],  "The  order  of  chloroarylation  of  vinylacetylene,"  it  Is 
stated  that  using  the  infrared  spectrophotometer  they  were  able  to  show  that  the  reaction  mixture  contained,  be¬ 
sides  the  addition  product  0.5115-0112-01101-0  ==CH  (I)  isolated  by  me  [2],  also  tlie  1,4  addition  product  CgHs— 
-CIl2“CIl  =  C  =  CHCl  (II).  Without  a  doubt  this  fact  is  of  scientific  interest  for  characterization  of  the  reaction  be¬ 
tween  vinylacetylene  and  phenyldiazonium  chloride. 

Along  with  this,  the  statement  made  by  A.  A.  Petrov  and  co-workers,  regarding  the  categorical  conclusion 
made  in  my  paper  [2]  as  to  the  order  of  addition  does  not  correspond  with  fact.  In  my  paper  it  is  stated  "the  ad¬ 
dition  of  an  aryl  radical  and  a  chlorine  atom  occurs  preferentially  in  positions  3  and  4  (to  the  ethylenic  bond)  and 
not  at  the  triple  bond  or  in  positions  1  and  4."  It  is  natural  that  in  the  dehalogcnation  of  a  mixture  of  (I)  and  (II), 

A.  A.  Petrov  and  co-wotkers  could  obtain  products  containing  small  amounts  of  allenic  chloride  as  impurity. 
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•  Original  Russian  pagination.  See  C.  B.  translation. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosenergoizdat 

Goskhlmizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEIIZhT 

LET 

LETI 

LETIIZhT 

Mashglz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nil  ZVUKSZAPIOI 

NIKH 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 

State  Power  Press  •* 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  PreAs 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  UnIv. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modern  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Constmetion  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab. “Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst.  ofMetroIogy 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note:  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  —  Publisher. 


